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PREFACE 

T iik aim of Tlii< liook i> to introiluce the fharniiim -cianfc of uim- 
eralogy in the 'implc't and nio^t intei’e'tiuo inannor i)0'>ihk'. with- 
out 'aerihciiui 'cioiitihc acunracy 

It can he uuder'tood reailily l)y a child oi fourteen, yet it' appeal 
i.' equally strong to the adult. 

Xo previous knowledge of ehenli.■^try. piiy-^ic^ or geometry i' a''^uined. 
hut every effort ha.' been made to i»re'ent. in an tdlurina maimer. 'Ueh 
fact^ and theorie; in thc^e 'Cicnce^ arc e^'ential to the umler'tanding 
of the niineraloaieal topim treated 

Long year^ or contact with many lieginnei> have pei'iiailed the author 
that a worth while and coiitiniiin!i intere't in mineral' can he >ecured 
only hy a aiiiiled 'tudy of carefully 'elected 'peciiiieii'. The guidance 
needed will he found in thi> ho(,>k. 

The 'tudy of erv'tai'. U'Ually regarded a> too difficult for the he- 
gimier. i< tieated hnetiy. 'V't*- matically. eutertainiualy and 'Ullicieiu 
knowledge to awaken interc't will l:>e acciiiired wiriiout 'trikiiig any 
'iiag' The ihfficultie' are mentioned a' aoal' to he readied, if de'ired. 
hy more atlvanced 'tudy in later yeai'. 

While chemical examination ainl optical metho(i.-r are the only nieaii' 
of po'itively ideiuiiying many mineral', yet tin larae majority who 
heain the .^tudy am.l collecting of mineral' mu-rt learn almut them with- 
out recoui'e to 'iicli aid,'. Thi' hook, tin-relore. 'tre"e' their phy'ica' 
properties, 'implo tc't' and carerul oh'crvarion. 

A' evervoiK i' vitally intei'e'tid in hi' own country, 'pedal ciiipha'i' 
i' laid on the occii: i-eiict' oi niiiu ral' in the X'mhed ''tatc'. who'C min- 
eral wealtli aieatly exceed' ’^hat OI any orhi-r I'ounrry. 

(dueiKiU. LhleHWoK'lU EX'.Ll'ti. 

Ih '<'}>( .'t f_ r . Af I tf'f:, 

LJfr^ //' aer 1 . / ,P.J 
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INTRODUCTION 

F or nearly half a century the name George Letchworth English has 
been almost a synonym for muieral. Mineralogists and crj’stallog- 
raphers, professional and amateur, have relied largely on Mr. English 
for their supply of the rare, the beautiful and the useful products of 
the mineral world. And now that he has retired from his lifetime work 
of distributing minerals, he becomes a dispenser of information about 
them. 

This book, in clear diction and with a wealth of illustration, speaks 
eloquently for itself, and its authorship is proof of its scientific accuracy. 
Mr. English has made this book for the beginner in mineral study; yet 
while simple, clear and nontechnical in description, it covers the science 
in more than an elementarj’ way. The inquiring mind, once interested 
in the subject, will find here the guidance to expert knowledge, and as 
far as the book leads to popular interest in nature and science, it will be 
of great social value. 

The boy, girl or adult, becoming interested in the book and the sub- 
ject, will wish to know about the author and his work and qualifications 
Mr. English was born in 1864 in Pliiladelphia, where his father was a 
publisher of theological books, and all of his earlier years were passed 
in that city of scientific culture. From boyhood he was interested in 
nature and espeeiallj’ in minerals, and was one of a trio of young nat- 
uralists who explored the region, the others being Dr. George Howard 
Parker, Professor of Zoologv" at Harvard University, and the late Dr, 
Henry Skinner, Curator in Entomology in the Academy of Natural 
Sciences. 

An enthusiastic collector of minerals from boyhood, young English 
pursued the study and developed it as a life work and has been a pro- 
fessional mineralogi.st since 1886. From 1886 to 1904 he was head of 
the firm of George L. English & Co., dealers in scientific minerals in 
Philadelphia and New York City. From 1904 to 1913 he was monazitc 
expert for the National Light and Thorium Company, with headquartei-s 
at Shelby, North Carolina. From 1913 to 1921 he was Manager of the 
Department of Mineralogy and Petrography of Ward’s Natural Science 
Establishment, Eoehester, New York, and from 1921 to 1934 was Con- 
sulting Mineralogist for the same Establishment. 

He was As.sociate Editor (for mineralogy; of the 1904 edition of thc 
Encyelopedia Americana, contributing the article on Mineralogy and 
many others. 

He is a life fellow of t’ue Rochester Academy of Science and served 



three terms as its President; a fellow and past Vice President of the 
Mineralogical Society of America ; member of the Philadelphia Academy 
of Natural Sciences, the New York Mineralogical Club, the Mineralogical 
Society of Great Britain, La Societe Fran^aise de Mineralogie, and other 
societies. 

He has lectured on mineralogy in the New York City Board of Edu- 
cation course and before various scientific societies. 

He has traveled extensively, collecting minerals in Europe, Africa, 
Australia, Brazil, Canada and the United States. He has probably col- 
lected and handled more scientific minerals than any other living min- 
eralogist, and he is recognized as a world authority on their values. 

He discovered the new minerals Penfieldite at Laurium, Greece; 
Graftonite near Grafton, New Hampshire; Pyroxmangite and Skem- 
matite near Iva, South Carolina. A rare caleium-potassium-aluminum 
phosphate was named Englishite in his honor by Professor E. S. Larsen 
of Hai’vard University. 

As a long-time friend of Mr. English and an admirer of his scientific 
work and attainments, it is to me a pleasure to commend this fine book 
to students and collectors of minerals, with the hope that it may have 
wide distribution, increasing scientific interest in earth study. 






TJ mverxity of Roohesfter. 
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PART I 

ABOUT MINERALS IN GENERAL 




GETTING ACQUAINTED WITH MINERALS 


PART I 
Chapter 1 

WHY STUDY MINERALS? 

Those who study minerals are so enthusiastic over them, that there 
must be some reasons. What are they? 

The study of ynincrals opens a new world. It leads, by pleasurai)le 
steps, into the great outdoors. It gives us the reasons for manj' striking 
features in the landscape. It shows us why the waves wear away one 
part of a rocky ledge more rapidly than another part. When we visit 
the Garden of the Gods, we understand its curious formations. The 
vivid colors of the Yellowstone, the Grand Canyon, and Zion Park, 
bring new pleasures to us because we attribute them to minerals. We 
understand, by a study of the properties of minerals, why the flints of 
Dover have such sharp edges, why the clays of Flanders are sticky, 
why graphite and soapstone feel so greasy, why diamond shows such 
a wealth of rainbow colors, why ice floats on water. The study of 
minerals, indeed, gives the answer to innumerable questions which are 
constantly being asked. 

We visit the seashore, and, as the sands run through our fingers, we 
observe that the particles are not all colorle.ss or white, but some are 
black, others yellow, green, or red, and our study of minerals enables 
us to identify them and, perhaps, see in them commercial values which 
otherwise would be overlooked. 

We look around to find the source of these particles. Our quest leads 
us first to the adjoining cliffs, whose minerals fascinate us, though we 
fail to find in them all of the minerals which are in the sands, and, 
eventually we may learn that our colored particles originated back in 
the mountains hundreds of miles away. 

We stop, as we motor past the roadside quarry, which we heretofore 
regarded as only a hole in the ground, and find in its debris many min- 
erals, new to us, whose study profitably occupies our attention for many 
a pleasant evening. Some of our specimens are crystals. We want to 
know more about how they were formed and why they have a.ssumed 
such regular shapes. 

We begin the study of crj-stals. All around us are their beautiful 
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forms, even onr table salt being revealed to us by a pocket lens as 
composed of multitudes of tiny crystals. We visit a mineralogical mu- 
seum and are amazed to see the great variety of crystal forms in such 
a mineral as caleite. All through the museum we see different crystal 
forms, but, though there are thousands of them, we learn that they are 
all classified under only six systems, whose differences are easily under- 
stood. With what new pleasure we can study geometry when we see 
its forms illustrated wherever we turn in nature. 

Becent discoveries in mineralogy, and its related science chemistry, 
are making the world over. New uses are constantly being found for 
minerals previously supposed to be worthless. Great deposits of min- 
erals, heretofore unknown or regarded as rare, have been discovered 
and brought to the attention of chemists who have utilized them in the 
arts. Intensive study by advanced mineralogists in research laboratories 
has made possible many of the great inventions of our day. The be- 
ginner in mineral study need not be deterred in taking up mineralogy 
because he knows nothing of chemistry, for in a few hours, with the aid 
of this boob, he will have learned all that is really essential to its ele- 
mentary undei’standing. The further study of chemistry may be prof- 
itably pursued, if desired, and will be vastly more interesting when 
linked with a study of the composition of minerals. 

The study of minerals acquaints us with one of the world's greatest 
sources of xcealth, second only to agriculture. The search throughout 
the centuries for minerals of value, is full of romance. Even now there 
may be developing in the reader that irresistible urge to have a part in 
developing our country's mineral resources. Its great mines of metals 
and its quarries, or, it may be, its precious stones, will appeal to some 
as investments, to others as opportunities of applying better methods 
of recovery and separation. Familiarity with minerals is the founda- 
tion stone. Fortunes have been lost by a lack of knowledge of minerals; 
fortunes may be won and certainly a wealth of pleasure derived from 
the study of minerals. 

Some knowledge of minerals is essential to culture. There are many 
references to them in literature, art is dependent upon them for manv of 
its colors, science finds them one of its major bulwarks. Minerals are 
as necessary to life as food and enter in unnumbered ways into our 
every-day life, contributing immeasurably to our comfort and happi- 
ness and to the progress of the world. Many questions will arise in 
studying minerals to which answers will not be found in any textbook ; 
thus you will be led to much delightful reading and research and many 
stimulating conferences with others who are already interested in 
minerals. 
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Begin the study of minerals with the conviction that you have chosen 
the most interesting and worth-while of all the sciences and that every 
specimen you acquire must contribute something to your knowledge of 
mineralogy. Seek them wherever you go, for they are all around you ; 
learn to identify them by sight, to know their composition and crystal 
forms, their physical characteristics, how and where they occur. Learn 
about the great mineralogists of the past and present, about the many 
uses to which every inventor of note has put minerals, about the great 
collections both public and private, visit as many collections as possible, 
make the acquaintance of other mineral collectors, meet with them, hike 
with them and see how well minerals repay the time you spend on them. 
You will soon realize that mineral collecting can be much more than a 
delightful hobby and that the study of minerals affords you even greater 
pleasure. 



Chapter 2 

HOW TO COLLECT MINERALS 

Before you start out either to collect or to study minerals, make up 
your mind that you are not going to he a quitter. It is foolish to begin 
and in a short time drop it. You would better not begin at all. Mineral 
collecting and mineral study are too delightful to fall into the hands 
of anyone who will not treat them right. Throw all of your enthusiasm 
into both collecting and studying and they will soon justify any expen- 
diture of time and money you may be able to make upon them. 

A collection of minerals of your own is essential to anyone who wants 
to enjoy them fully or who wishes to derive the greatest possible benefit 
from their study. This personal collection may be a very inexpensive 
one, or it may cost many thousands of dollars, ilany persons derive 
greater pleasure from the minerals they find themselves and which cost 
them nothing, than is obtained by others who have spent lavishly for 
the purchase of superlatively fine specimens. This is largely because 
the wealthy buyer rarely takes time to study his specimens. It is not 
so much what minerals we have, as what we do with them, that deter- 
mines our enjoyment of them and their practical value to us. 

The author believes that before starting out on a collecting trip it is 
better to gain some little knowledge of minerals in general through 
study of their physical properties. This can be accomplished by the 
aid of this book and the purchase of inexpensive minerals, from time 
to time, as the study proceeds. Suggestions as to just what to buy will 
be found in the next chapter. If this preliminary study of minerals is 
begun in the autumn or winter, there will be plenty of time to complete 
it by the time good spring collecting days arrive. 

Aniither most desirable preliminary to field collecting is a visit, or, 
still better, many visits to a good public mineral collection, such as that 
of the American IMuseum of Natural History in New York City, figure 1, 



Figure 1. Am«»ri4*an Nntiiral <»rk City 

0 
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the Field Museum of Natural History in Chicago, the Harvard Univer- 
sity Mineralogical Museum in Cambridge, or the U. S. National Museum 
in Washington. There are many other excellent collections in San Fran- 
cisco, Denver, Pittsburgh, Philadelphia, Princeton, New Haven, and 
numerous other cities. 

You should begin by making a general survey of the collection, going 
all through it and noticing the most striking features of the specimens. 
You will probably find on the labels not only the name of the mineral 
(and the variety, if any), hut also the chemical formula. After you 
have acquired the elementary knowledge which this book gives, this 
formula will tell you of what constituents the mineral is made and later 
you will often come back to the museum and enjoy studying these 
chemical formulas. One of the first tilings you should do is to see the 
curator of the collection, tell him of your desire to become not only a 
collector, but also a student of minerals, and ask him what nearby 
mineral localities there are and what you would be likely to find there. 
Make a list of the minerals, then look them up in the museum’s collec- 
tion and familiarize yourself with their appearance. 

If you cannot visit a public museum and do not know of any other 
collection which you can visit, ask a teacher of general science to direct 
you to some exposures of minerals in your neighborhood, or else start 
out and find one for yourself. There is an immense satisfaction about 
personally finding specimens, seeing how the.v occur and taking pos- 
session of them. You will be tempted to take home as many specimens 
as you can carry. It is better, however, to select your specimens care- 
fully and consider at the start where you are going to put them and 
what you will do with them. 

Let us assume that you visit a feldspar quariw-. You will find there 
an abundance of very attractive specimens. If possible, trim up one 
fine specimen to about 2x3 inches, or if you have plenty of room. 3x4 
inches. This will be for your permanent collection. Then collect from 
six to twelve small specimens which clearly show all of the points of 
interest you detect in the mineral and use these for study and testing. 
If you want to collect a few first-class specimens to exchange with other 
collectors, it may not be amiss to do so. but do not carry off a great 
load of specimens if they are going to fill all of your available storage 
space. 

FIELD EQUIPMENT NEEDED 

Whenever you go into the field collecting you will need a good steel 
hammer. Consult other mineral collectors, or the curator of a miner- 
alogical museum before you buy one. Experienced collectors generally 
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agree that the best hammers are made of a tough steel, weigh about 
twenty ounces, are japanned to prevent rusting and have a square head 
with cutting edge at right angles to the handle, which should be of 
■straight second-growth hickory. In one excellent type, figure 2, the 



Figure 2 . Mineral Hammer 


head is securely fastened to the handle by a screw wedge. Such a ham- 
mei IS necessaril\ costly. $2.50. but ii you buy a cheap hammer, vou will 
.soon find that it is a poor investment. 

or sonie kizid of a collecting hciQ to carrv* your specimens 
home is also de.sirable, though almost any kind of cheap sack can be 
used if it is necessary to economize. The most durable type is a leather 
bag about 12xl2.'i4 inches, with a flap over the top and a strap and 
buckle to fasten it. A strong canvas bag, figure 3, is lighter and quite 



itMe. f' 'AH ;j: 
pr* ra^.y ua -r 


'evkr-i: 



a aa-t to ‘ae nt-'T 


a carrying ^irap 
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A cold chisel, figure 4, is sometimes needed, but scarcely often enough 
to make it worth while to eann’ it, unless you are going to collect fine 
specimens. 



rigure Cold Chisel 


A small supply of newspapers and some tissue paper for wrapping 
specimens are essential if you expect to keep them from rubbing one 
another. 

Always have a pockit magnifier or lens, with you wherever you are. 
You will have constant need for it. In this instance the most costly 
lenses (^T.-aOi are not at all necessary. You can get good enough mag 
nifier.s in folding, vulcanite mountings, figures d. 6. 7, for $1.00 to $2.00. 



I'igurt*'. 3 , 6 , 7. ro<*ket Magnifiers 


A knife often comes in handy, especially for testing hardness. If 
you collect from more than one locality in a day. it is a fine plan tci 
number your sjieciiiiens in the field and record them in a small note 
book, so that you can correctly label them when you reach home, for 
every specimen worth keeping should be labeled with its name and 
locality. An excellent way to lunnber in the field is to prepare in ad- 
vance a set of ?ii/iiihers fi/peirritten on itelhesive tape fa.stened for con- 
venient preparation and carrying on tracing linen. These .should be cut 
into strips about 5i inches in length, figure 8. and carried in an envelope. 
You can cut them apart as yo'i need tic-m. with a pair of scissors which 
you should have in your bag, pull them loose from the linen and you 
will find that they will adhere tightly to almost any kind of a specimen 
simply by pressing the adhesive surface to the specimen. 
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STORING YOUR SPECIMENS 

It is “ver} important to have a good place to keep your specimens. It 
is probable that more collectors have stopped collecting because of lack 
of room than for any other cause. A caiinet of drawers, figure 9. filled 
with pasteboard trays, in which you can carefully preserve and classify 
j-our specimens is the ideal way to keep them. If you cannot afford 
this at the start, you can buy the drawers separately, one at a time, and 
eventually secure the whole cabinet. If this is not feasible, try to find 
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several shallow boxes of the same size, preferably about 15 to 18 inches 
wide and a third longer. These will hold a good many specimens and 
some cheap partitioning such as is used in egg crates, may be used 
temporarily to separate your specimens. Cigar boxes sometimes are 
good temporary containers. 

If you do not secure a cabinet of drawers, nor want to keep your 
specimens, for the time being, in boxes, maybe you can find room for 
them in a bureau, a spool case, on bookshelves, or in a china closet. 
Plan, sooner or later, to get a good case of drawers. 

WHERE TO FIND SPECIMENS 

Where will 30 U find specimens? That depends upon where you live. 
If you live in a large city, very likely you will find excavations like that 
shown in figure 10, where you will find specimens. In general, the best 



Figure 10. Excavation on Kiver»ide Drive, New York City; Courtesy of 
J. G. Manche'-ter 


place.s are mines, quarries, railway cuts, excavations of any kind, ex- 
posed rock masses, boulders, and the base of cliffs. There are many 
localities in which no work has been done that yield excellent results. 
If there happens to be a monument works near you. it is probable that 
you will be able to secure chips of marble and granite there. If you 
live near a smelter, and can gain permission to collect there, you may 
secure some very interesting material. The dumps of mines, figure 11, 
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Figure 11. Mine Dump, Somerville, Xew Jersey; Courtesy of J* G. Manchester 


and quarries are usually rich fields for collectors. It may be, however, 
that you live near the seashore in a flat eountry where there are no 
exposures of minerals or rocks. If so, you can probably fi.nd much of 
i merest in the sands, as many minerals occurring in the back country 
are wa.slied down by the rivers and deposited along the seashore. 

A Warning. Do not begin your study of minerals with a piece of 
granite. Many teachers have attempted to interest their pupils in min- 
erals by trying to point out the various minerals in granite. It is one 
of the favorite methods of beginning, but the author believes many 
pupils lose their intere.--t in minerals because in commercial granites their 
component minerals are usually present in very small particles and it 
is simply impossible for a student to distinctly see and test the prop- 
erties of the,se minerals. If. however, you first secure thoroughly typical 
specimens of quartz, feldspar, and mica, and learn their characteristics, 
you will be able to recognize these minerals in the granite rock. 

On the other hand, a very coarse granite, or pegmatite, in which the 
.several minerals are present in large, pure masses, may be an ideal 
specimen with which to begin your studies. Pegmatite often contains 
other minerals about which you will find it worth while to learn and 
you may secure some fine specimens by visiting the waste piles of a 
quarry, figure 12, where pegmatite is plentiful. Do not be discouraged 
if you find but little on your first visit, for there are many quarries 
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and mines whicli yield no good specimens for a time and then suddenly 
produce a wealth of splendid material. 



Figure 12. Waste Pile at Kinkei Feldspar Quarry, Bedford, >'ew York; Courtesy 

of .J. Ci. Manchester 


MINERAL CLUBS 

Comparing notes with other collectors is a fine way to get information 
and to give it. If there is a mineral club in your town, be sure to join 
it j if there is not, trv to form one, iMineralogical clubs and societies 
are found all over the country and their number is rapidly increasing. 
Many of them have large membership and enthusiastic meetings. One 
mineral club in a we.stern city, in a few months time, attained a mem- 
bership of over one hundred, with about 2000 junior members, some two 
hundred of whom formed collections of minerals and submitted them 
in a competitive exhibition. One of the best aids in learning about min- 
erals is preparing papers on them for vour club. To be truly successful 
.such a club must have an efiicient and enthusiastic leader and a definite 
program of activities. Club excursions to mineral localities give oppor- 
tunitv of exchanging ideas and learning much about minerals and their 
methods of occurrence. 

MINERAL MAGAZINES 

Be sure to subscribe to at least one good magazine devoted to minerals. 
You can join the Rocks and Minerals Association and secure Rocks and 
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Minerals for two dollars per year sent to the Association at Peekskill, 
New York. It i.s a live, wide-awake, little monthly, full of suggestions 
and with many informative articles, accounts of meetings of clubs and 
societies and advertisements of dealers. 

The Mineralogist, published monthly at 701 Couch Building, Portland, 
Oregon, at S2.00 a year, is an excellent magazine. It contains a list of 
about three dozen mineral societie.s, reports of their doings and many 
interesting articles. Maine Minerals, published quarterly at 15 Thomp- 
son St., Brunswick, IMaine, is also interesting. 

A more technical journal is the American Ml neralofiist. published by 
the George Banta Publishing Company, Slenasha, Wisconsin, at $-3.00 
per year. It is the organ of the llineralogical Society of America. 


Show your collection to as many of your friends as possible, tell them 
of the pleasure collecting minerals gives you, of the wonderful beauties 
of color and form you have seen for the first time in studying minerals, 
of the interesting reading to which they have led you, of the delightful 
trips you have had and are planning to take, of the high-class friend- 
ships you have made, and you will grow more and more enthusia.stic 
over mineral collecting and study. 



Chapter 3 

WHY BUY MINERALS AND WHICH ONES? 

Mineral collecting is such a delightful hobby that thousands and 
thousands all over the country are riding it as never before, and are 
enjoying it immensely. See! There is a big mass of rock which has 
just been blasted out of the quarry-side. What is there in it? Four 
collectors are trying to name the minerals they have found, but cannot 
do so. Another comes along and instantly declares: “That clear, 
glassy mineral is quartz, that flesh-colored mineral with smooth sur- 
faces at right angles to each other is feldspar, that shiny mineral in 
plates which can be split off so easily into thin sheets is mica.” How 
did he know? Why did he enjoy collecting so much more than the 
group who were perplexed over their finds? Simply because he had 
prepared himself for the collecting by preliminarj" study of thoroughly 
characteristic specimens which he had bought. 

Material which clearly illustrates the properties of minerals can not 
be picked up wherever you go. indeed in the large majority of mineral 
localities there ai-e apt to be many specimens which show few distinct 
characters and often the most abundant material consists of mixtures 
of several minerals, or. it may be, their characteristics have been de- 
stroyed by weathering. A dealer who specializes in educational min- 
erals can supply, at small expense, just the minerals you need for that 
study of minerals which should always precede field collecting. 

It is wiser not to regard such minerals as a part of your permanent 
show collection, for you will need to scratch them and pound them and 
by other tests, which this book explains, find out all you can about them. 
Let them be your “working collection.” It should be composed of small 
specimens whose selection you .should leave largely to the dealer who 
knows what you need and who.se .stock includes material from the best 
localities all over the world, secured expres.sly for study. 

It is rarel.v wise at the start to buy a large collection, even though 
you can afford it. Its very completeness tends to dampen enthusiasm 
for collecting, because its owner thinks that it includes all of the min- 
'■rals he needs. Furthermore, he does not want to mar its completeness 
by removing a specimen and breaking it up to test it. 

WHAT MINERALS SHOULD BE BOUGHT FIRST? 

Undoubtedly the first seven minerals in the scale of hardnes-. figure 
13 (see page 31 . These should cost not over seventy cents, plus post- 
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Figure 13. Scale of Hardness in Box 


age. A box to hold them is a convenience, but if you need to economize, 
you would better dispense with it and put the savings into other speci- 
mens. 

Let your next purchase be of specimens illustrating tenacity. You 
will know what to buy by reading Chapter 6. After you buy the speci- 
mens, study the chapter with their aid. 

A little series of natural crystals will aid you to recognize in the field 
the forms about which you study in Chapters 7 to 12. You must not 
expect them to be of such ideal perfection as the figures shown in those 
chapters, for natural crystals never are perfect. Small crystals and the 
simpler forms will be satisfactory. 

A series of specimens illustrating cleavage and fracture, as explained 
in Chapter 13, is a wise purchase, as you will then be able to recognize 
these important properties in any minerals you secure. If you belong 
to a mineral club, it would be fine for the club to spend an evening 
studying these two properties. If this is done, it would be better for 
the club to order one pound each of halite, fluorite, sphalerite, calcite, 
common feldspar, museo\'ite, selenite, amphibole and pyroxene. Be sure 
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to teU the dealer that these are wanted to break up to show cleavage 
and that the material must all show the cleavage well. A pound of 
obsidian might be added to show its fracture. 

Specimens well illustrating structure and form are often difScult to 
secure and if every collector were to order them, the supplies of all 
dealers would be quickly exhausted. This very fact, however, will add 
to the incentive to secure them, for it is always a satisfaction to have 
something which other collectors want, but cannot get. If you find that 
you cannot buy just the specimens you want, do not abandon the effort 
to secure them, but study Chapters 14 and 15, with their illustrations, 
and look for the various types in your public museum. Some day you 
may find even better specimens of some of them than you have seen 
elsewhere. 

It is very desirable for the student to familiarize himself thoroughly 
with the different kinds of luster, as this is such an important aid in 
determining minerals and it cannot be understood without actually see- 
ing specimens. Look over the specimens you have already secured and 
you will find some of them which are excellent illustrations of certain 
kinds of luster, then write to a dealer who has a large stock and order 
specimens to illustrate the kinds of luster you lack. Most of them are 
inexpensive. 

A series of specimens accurately showing the various colors of min- 
erals will be difficult to obtain and more costly, but it will give much 
pleasure to any enthusiastic collector. Such a collection might well be 
bought by your club and be available for reference by its members. 

A streak plate, to show essential colors, should be owned by every 
collector and is not costly. The little six-sided flooring tiles are an in- 
expensive substitute and answer fairly well. 

Fluorescence is a property of minerals which is arousing widespread 
enthusiasm. Possibly no expenditure you could make would give you 
greater pleasure than the purchase of an “argon bulb” to show the mar- 
velously beautiful colors which it produces in certain minerals. You 
will probably need to buy some of the minerals too, thouuh it is quite 
probable that the fluorite in your scale of hardness will be most beauti- 
ful under the argon bulb. Chapter 17 will tell you more about what 
you need. 

Buying Fine Specimens. This chapter has intentionally stressed the 
purchase of minerals for the working collection, for it is vastly more 
important that the beginner get a right start than that he be guided 
after he is no longer a beginner. It is reasonable to a.ssume that if a 
collector follows the suggestions of this book and carefully studies its 
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chapters consecutively, he will reach definite conclusions as to the kind 
of specimens he wants to have in his permanent collection. Much de- 
pends too on the amount of money he can spend for minerals. Mani- 
festly a superlatively fine collection, composed of the very best speci- 
mens obtainable, must necessarily be costly. Then, too, if a collector 
wants to have as large a number of species as possible, he will soon find 
that he will have to pay large prices for some species, while others will 
be absolutely unobtainable at any price. Choice crystallized specimens 
are usually considerably more expensive than massive specimens. If a 
collector spends a large amount of money in building up a fine collec- 
tion, he should aim to secure specimens of larger average size than if 
he does not spend much. Superfine collections iisually drift to the 
museums after the death of their owners, or possibly during their old 
age, and museums need large specimens because they are better adapted 
to display in open show eases than small ones. If the collector has it 
in mind that the ultimate destination of his collection is a public mu- 
seum, he will do well to buy also a few superfine specimens of extra 
targe sizes. It is highly important, however, that he bear in mind that 
the standard size for museum specimens in this country is 3 x 4 inches 
and if any specimens are larger than that size, they must be of super- 
fine quality. A specimen 6x8 inches may be even less valuable than 
one 3x4 inches unless its quality is decidedly superior, for small col- 
lectors or those whose available space is limited, are not willing to buy 
specimens of such large sizes. 

What constitutes a fine specimen? In general, and briefly, it is one 
which is shapely, fresh, clean, well crj’stallized (if occurring in ciu'stals) 
with crystals attractively scattered over the rock, free from bruises and 
of considerable beanty. if the species is beautiful. In the case of rare 
species, or those not occurring in crystals, they should be fresh, shapely 
masses, either pure or attractively combined with the rock. 

Where to buy. Inquire of the curator of any mineralogical museum, 
the professor of mineralogy in any college, ask other collectors, or read 
the advertisements in the mineralosrical magazines. 

Prices. Prices of minerals vary as much as prices of other com- 
modities. Experience will soon show you that it pays to buy minerals 
of excellent quality, even though you may have to pay more for them. 
You will not, however, by any means always have to pay more for the 
best, for in many instances a large dealer, because of his ability to sell 
much more material, may pass on to the buyer the advantage of the 
lower prices he has paid for large quantities. He knows, too. just where 
to buy to the best advantage. You should never value your specimens 
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on the basis of prices asked at the localities. At some mines and quarries 
prices are ridiculously high, at others they are exceedingly low. You 
will find that the minerals for which you are asked high prices at locali- 
ties can usually be bought from experienced dealers of international 
reputation at reasonable prices and that they do not overcharge you 
for the cheaper minerals. If you make all of your purchases from a 
reliable dealer, you will find that you are better off in the long run 
than if you try to save some money by purchasing from many different 
parties. 

Do not delay starting your permanent collectioyi until you have 
learned everything you can from your working collection, but buy one, 
two or three specimens at a time, selecting them with greatest care as 
the nucleus of a collection which you will be proud to own and show to 
your friends all of your life. If you adopt the plans suggested in this 
chapter, your interest in minerals will steadily increase. 



Chapter 4 

OF WHAT IS A MINERAL MADE? 

The story of the make-up of a mineral is one of the most thr illing 
tales ever told. It concerns particles so minute that even the most 
powerful microscope falls far short of making them visible. It leads 
us into the fascinating field of chemical research, in which many of the 
world’s greatest scientists have made revolutionary discoveries. This 
chapter is planned to give an inspiring glimpse into that field, leaving 
it to the earnest worker to pursue the subject as far as his time and 
inclination permit. 

What are those tiny particles? The chemist calls them atoms. But 
how can particles so minute as to be absolutely invisible be of sufSeient 
importance to make it worth while, in these busy days, to study about 
them? This you will soon understand. 

One of the most startling claims ever advanced has recently been 
largely accepted by scientists. It is that matter is nothing iiit electric- 
ity. Well, suppose that is true, how does it have any connection with 
our question, “Of what is a mineral made ?” Let us see ! 

The chemist has proved that everything in this world is composed of 
one or more of ninety-two simple substances called elements. Not only 
all minerals, but also all plants and animals are made of those elements. 
They are not all strangers to us, even though we may not have studied 
chemistry ; soon we will recognize many of them as friends. Everj'one 
is familiar with some of them, such as silver, iron, aluminum. Others 
are very rare and even many chemists have never seen them. Most of 
them are solids, a few are gases, two are liquids at ordinary tempera- 
tures. The astronomer and the physicist have co-operated with the 
chemist and proved that in all the great universe there are no other 
simple substances than these ninety-two elements. 

It has been known for many years that the elements unite with each 
other to form compounds, but why some of them are very active in 
forming compounds and others do not enter into any combinations what- 
ever remained a mysterj' until very recently. Even so great a chemist 
as Lord Kelvin, who passed away in 1907, after a long life devoted to 
chemical research, admitted that he did not understand why some ele- 
ments are active and others inert. Today we all may understand it and 
find in the acquisition of the knowledge the keenest delight. 

Chemists had long claimed that the atom is the smallest part of an 
element which takes part in a chemical change. It was believed that 
the atom was an absolutely unchangeable unit. But one day in 1898 
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the chemists, Dr. and Madam Curie, discovered an element which they 
called radium, that simply overturned the theories about the atom. 
They showed that this element was constantly disintegrating, some of 
its atoms exploding and shooting off into space atoms of the gaseous 
element helium at the incredible initial velocity of about twelve thou- 
sand miles in a second. In addition to the helium, they proved that 
there were other “emanations” among which were negative particles of 
electricity. Scientists all over the world were much puzzled by the.se 
discoveries and set to work to account for them. Finally, they came to 
the conclusion that the electrical particles could come from no other 
source than inside the atoms of radium. Soon they evolved the electron 
theory. 

The electro7i theory, which has revolutionized modern chemistiy, can 
scarcely be more than touched upon here, but its study becomes more 
and more interesting the further it is pursued. It assumes, among other 
things, that atoms are made up solely of positive and negative particles 
of electricity ; that in each atom there is a nucleus in which the positive 
particles, called protons, exceed the negative, called electrons. Outside 
the nucleus, there are exactly enough negative particles to balance the 
unsatisfied positive particles in the nucleus. 

On page 22 is a list of all the known elements with the symbols which 
chemists and mineralogists use for brevity, instead of their names. They 
are arranged according to the electron theory, the numbers showing 
just how manj^ electrons each element has outside of its nucleus; thus 
hydrogen has one. oxygen has eight and uranium, ninety-two. 

Does this look like an unattractive list of names? It will become ex- 
ceedingly interesting, as we learn more and more about the wonderful 
structure of the atoms. On page 23 there are diagrams, figures 14—21, 
showing the structure of the atoms of eight of the elements. The little 
dot in the center represents the nucleus. Around this nucleus the free 
electrons revolve, like planets around the sun. What an inspiring 
thought that all matter is made up of countless numbers of these tiny 
universes of atoms ! Some little idea of their size may be gained by the 
statement that if 100.000.000 carbon atoms were strunsr out in a straight 
line they would measure less than five-eighths of an inch, yet there are 
many atoms even more minute ! 

Possibly we shall understand the relation of the elements to each other 
more quickly, if we make a single diagram, figure 22, embracing the 
first eighteen elements, designating each by its symbol and showing the 
number of its free electrons. We see that there are two electrons in 
the first ring, eight in the second and eight in the third. We shall soon 
understand the remarkable significance of the number ana arrangement 
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of the electrons in the rings, for it gives us the clue to the question, 
“Why do some elements easily combine with others, while some are 
inactive?’’ This is the secret, withheld from Lord Kelvin, and it ex- 
plains chemical activity and the formation of minerals. 


ELEMENTS AIIEANGED ACCORDING TO ELECTRON TKEORY 


Xo. Xame Symbol 

1. Hydrogen H 

2. Helium He 

3. Lithium Li 

4. Beryllium Be 

5. Boron B 

6. Carbon C 

7. Nitrogen X 

8. Oxygen O 

9. Fluorine F 

10. Neon Ne 

1.1. Sodium Na 

12. Magnesium Mg 

13. Aluminum A1 

14. Silicon Si 

15. Phosphorus P 

16. Sulphur S 

17. Chlorine Cl 

18. Argon -A 

19. Potassium K 

20. Calcium Ca 

21. Scandium Sc 

22. Titanium Ti 

23. Vanadium . . V 

24. Chromium Cr 

2.1. Manganese Mn 

26. Iron Fe 

27. Cobalt O. 

28. Nickel .... . . Ni 

29. Copper <7u 

30. Zinc ... Zn 

31. Gallium Ga 

32. Germanium Ge 

33. Arsenic .A? 

34. Seleniiira Se 

35. Bromine Er 

36. Krypton . . Kr 

37. Rubidium .... Rb 

38. .Strontium ... .... Sr 

39. Yttrium Y 

49. Zirconium . . . . . Zr 

41. Niobium ... . Nb 

42. Molybdenum . , . Mo 

43. Masurium ... Ma 

44. Ruthenium , . . Ru 

45. Rhodium . Rh 

46. Palladium Pd 


No. Name Symbol 

47. Silver Ag 

48. Cadmium Cd 

49. Indium In 

50. Tin Sn 

51. Antimony Sb 

52. Tellurium Te 

53. Iodine I 

54. Xenon Xe 

35. Caesium Cs 

56. Barium Ba 

57. Lanthanum La 

58. Cerium Ce 

59. Praseodymium Pr 

60. Neodymium Xd 

61. Illinium H 

62. Samarium Sm 

63. Europium Eu 

64. Gadolinium .... Gd 

65. Terbium Tb 

66. Dysprosium Dy 

67. Holmium Ho 

68. Erbium . , Er 

69. Thulium Tni 

70. Ytterbium Yb 

71. Lutecium Lu 

72. Hafnium Hf 

73. Tantalum Ta 

74. Tungsten IV 

75. Rhenium Re 

76. Osmium Os 

77. Iridium Ir 

78. Platinum Pt 

79. Gold Au 

50. Mercury Hg 

51. Thallium Tl 

82. Lead Pb 

'S. Bismuth Bi 

84. Polonium Po 

85. 

86. Radon , ... Rn 

87. 

55. Radium ... Ra 

89. Actinium Ac 

90. Thorium ph 

91. Protoactinium Pa 

02. Uranium U 



OF WHAT IS A MINERAL MADE? 


23 





Figure 16. Lithium (14) 


Figure 17. Beryllium (Be) 




Figure IS, Oxygen (O) 


Figure 19. Sodium (Xa) 




Figure 20. Magnesium <Mg> Figure 21. Chlorine (Cl» 

Hydrogen (Hi has one electron in the first ring; helium (He) has 
two; lithium (Li ■ has two in the first ring and one in the second rin 
beryllium (Be' has two in the first ring and two in the second rin 
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14 Si 


Figure 22. Free Electrons of First Eighteen Element* 

Thus each of these elements has all of the electrons of the one just be- 
fore it and one more. 

When number 10. neon (Ne', is reached the second circle of eight is 
completed. It has been discovered that every element whose outer ring 
of electrons is complete is ahcaijs inert, or forms no compounds W'hat- 
ever. Helium (He', in the first ring, neon (Xel in the second and 
argon (A ' in the third, have complete rings of electrons. All three of 
these elements are inert : all are gaseous elements in the earth’s at- 
mosphere. 

Turning from the inert gases, what do we find of interest when we 
study the rings of electrons of some of the active elements? What 
thrilling adventures we would have if it were possible for us to watch 
the outer electrons of these elements, for by so doing we would see just 
how chemical compounds are formed. Let us look at the diagrams of 
the atoms of chlorine ''Cl' and sodium INa’'. We see that the sodium 
atom has only one electron in its third ring, whereas chlorine has seven, 
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instead of the complete number, eight. Chlorine holds tightly to its 
seven, while sodium’s one electron in its outer ring is loosely held. The 
result is that sodium lends its electron to the chlorine atom, thus com- 
pleting its third ring. The transfer is not so easy as it might appear, 
for the electrical balance of each atom is upset. Recall that we learned 
that the electrons, or negative particles, in the rings outside of the 
nucleus were just balanced by an excess of protons, or positive particles, 
inside the nucleus. MTien, therefore, the sodium atom gives up one 
electron, the part that remains is no longer neutral, but becomes posi- 
tively charged. The acquisition of an electron by the chlorine atom 
causes it to become negatively charged. Bodies with unlike electrical 
charges attract each other, hence the negative chlorine and the positive 
sodium unite to form a “molecule” of sodium chloride, NaCl. This is a 
chemical compound, entirely different in its properties from its con- 
stituent elements, for sodium is a soft, silvery metal and chlorine is a 
green, poisonous gas, yet their compound is our ordinary' table salt. 
What a wonderful transformation ! 

We have just seen a good illustration of certain very remarkable 
facts, First, that it is a general rule that an element with only one or 
two electro-ns in its outer ring, readily parts icith such electrons, while 
one whose outer ring is nearly complete readily takes on enough electrons 
to cennplete its ring. Second, that an element which has only a few 
electrons in its outer ring is a metal, while one whose outer ring is 
nearly complete is a non-metal. 

Let us look again at our diagram of the first eighteen elements and 
notice number 9, fluorine (F). Like number 17, chlorine (Cl), it lacks 
one electron to complete its outer circle; it is, therefore, an active ele- 
ment, seeking to combine with another which can spare it a single elec- 
tron. Number 3, lithium (Li), has one to spare, and chemists know 
that such a compound, lithium fluoride (LiF), can be formed, though 
mineralogists have not yet discovered it as a mineral. Maybe you will 
be its discoverer! Fluorine, however, combines with other metels to 
form minerals, one of the most common of which is fluorite, calcium 
fluoride, whose acquaintance we shall soon make. 

Haloids. Minerals which are simple compounds of chlorine, fluor- 
ine, bromine, or iodine with a metal are called haloids, because they are 
like halite or salt. We have now made the acquaintance of a small, 
but important class of minerals, whose most important members are 
halite and fluorite. 

Sulphides. In the third ring of elements, number 13 is sulphur, 
symbol S. Note that as eighteen electrons are required altogether. 
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sulphur needs two more to complete the ring. Would you not conclude 
that it is an active non-metal? If you were to look over a complete list 
of all minerals, you would see that there are a great many compounds 
of sulphur with other elements, mostly metals, which is just what we 
would expect. These compounds are called sulphides, and they consti- 
tute one of the most important of all the classes of chemical compounds 
in the mineral world. When ice come to study individual minerals, we 
shall be continually meeting the sulphides, especially among the ores 
of the metals, indeed in quite a number of instances they constitute the 
most important ores of the metals. This is true of galena, the common- 
est and most important lead ore ; ehaleopyrite, one of the most important 
copper ores; sphalerite, by far the most important zinc ore. Sulphur 
also has a strong affinity for oxygen, which has six electrons in the sec- 
ond ring and requires two more to complete its ring. When you study 
the electron theory further, you will better understand why one of the 
combinations of these two elements is itself very active in combining 
with the metals to form sulphates, about which we shall study shortly. 

We have seen that the elements whose atoms have a complete ring of 
electrons in their outer circle, do not form chemical compounds with 
other elements. Does this suggest to you a reason why Uncle Sam uses 
helium in his dirigibles? It is not only because helium is so light a 
gas, but also because it will not burn, which is only another way of say- 
ing that it will not unite with oxygen. 

But why is not hydrogen, which is only half as heavy as helium, pre- 
ferred? We do not need to go anywhere for the answer except to the 
first ring of our diagram. There we see that it lias but a single electron, 
and that this circle requires two to make it complete. Helium has the 
two and is inert ; hydrogen is reaching out for another electron and is 
a tremendously active element. If you want to prove it, mix it with 
oxygen and put a lighted match to the mixture ; but don’t get too near, 
for there will certainly be an explosion. The oxygen and hydrogen 
rush together and unite to form the compound which we know as water ! 

Oxides. We shall study more about water at another time, but just 
at present let us fit it in one of the great classes of compounds, the 
osides, which are coiupouiids of o.rygen with aii’j other single element. 
We recall that tlie atom of oxygen has six electrons in its outer ring, 
and needs two more to complete the ring. This makes it a very active 
element, and it is eoiwtantly reaching out to others for the electrons it 
lacks. The result is that there are a great many oxides found in nature 
and many more which have been formed in the laboratorv. which are 
not yet known in nature. Maybe you will discover one of them some 
day when you are in the field. There is always a chance of making 



OF WHAT IS A MINERAL MADE? 


27 


snch a discovery, and such a possibility adds greatly to the zest of 
mineral collecting. 

Another very common and exceedingly important member of the class 
of oxides is the oxide of silicon, which the chemist calls silica. Mineral- 
ogists, however, prefer giving minerals distinctive names, rather than 
adopt their chemical names, so they have called this compound, as usual- 
ly found in nature, quartz. When we study this mineral, we shall see 
that it occurs in a greater variety of forms than any other mineral. 

Among other important oxides are the common iron ores, hematite, 
magnetite, and limonite, all of which we shall soon meet. Then there 
are some beautiful gem minerals which are oxides, among them two of 
the most valuable of all gems, the gorgeous red ruby and the rich blue 
sapphire, both of which are varieties of the mineral corundum, the 
oxide of aluminum. The many-colored precious opal is an oxide ; in 
this class also are eassiterite, the commonest of the tin ores, and bauxite, 
the most abundant aluminum ore. All of these, with the exception of 
opal, quartz, and water, are compounds of oxygen with one of the metals. 

Carbonates. Another great class of compounds is the carbonates. 
The name at once sirgge-sts the presence of carbon. The carbon atom 
has four electrons in its outer ring, while eight are needed to complete 
this ring. It. consequently, can either give or take them on. We. 
therefore, find it i-oiubininir with both tlie metals and the noiunetals. 
Its combination with oxygen is going on continually, day and night, 
in our own bodies, and. with every breath, we exhale this gaseous com- 
pound, known as carbon dioxide. It is present in the atmosphere and 
is the chief food of plants. In the mineral world it is found combiried 
with many of the metallic elements, but most commonly with calcium 
in the mineral caleite. In many ways the study of calcite will afford 
us great pleasure, for its crystals are more varied than those of any 
other mineral. Its commonest occurrence is as the rook, limestone. A 
few of the other important mineral carbonates are dolomite, the calcium 
and magnesium carbonate ; the iron carbonate, siderite ; the lead car- 
bonate. cerussite ; the copper carbonates, malachite and azurite. All of 
the carbonates will fizz, if a fragment is heated in vinegar or any acid ; 
and some of them, such as calcite, will fizz by merely dropping cold 
acid on them. This is because their carbon dioxide is driven off by the 
acid. 

Silicates. There is a great class of minerals known as silicates, 
which consist of silicon and oxygen with one or more of the metallic 
elements. The silicates are among the m.ost complex of all minerals, for 
they are the result of the interlocking of electrons of sometimes as many 
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as a dozen or more different elements, as in the mineral tourmaline 
Some day the analysis of such minerals in your own laboratory may 
become a delight to you, as it has been to many mineralogical chemists. 
While there are in this great class many rare species, the class also 
includes many of the rock-forming minerals, such as the feldspars, 
pyroxenes, amphiboles and micas. We shall find the study of the sili- 
cates most interesting. 

Phosphates. One of the most active of the elements is phosphorus. 
MTiy? Refer to the diagram, figure 22, and you will find that it has 
five electrons in the third ring, and we have repeatedly seen that such 
an atom is constantly reaching out to the atoms of the metals to com- 
plete its ring of eight. It is not surprising, therefore, that we find 
many metals combining with it and oxygen to form the class of phos- 
phates. We certainly ought to be familiar with phosphates, for we 
earrj’ one of these around with us all of our lives, as our bones are 
chiefly calcium phosphate. Any farmer who uses fertilizers is familiar 
with “phosphate.” of which the great chemical works prepare for him 
millions of tons annually. Its occurrence in nature is chiefly as the 
rock phosphorite, by many regarded as a variety of the mineral apatite, 
by others classified with collophanite. 

Arsenates and Vanadates. Closely related to the phosphates are the 
arsenates and vanadates, which are compounds in which arsenic or 
vanadium takes the place of phosphorus. These compounds are usually 
grouped with the phosphates into one great class. There is no other 
group which includes so many minerals of beauty when viewed under 
the microscope. The most attractive of these are the many rare cop- 
per arsenates and the lead vanadates. A few years ago the latter were 
regarded almost as mineralogical curiosities : today they are important 
sources of vanadium used in automobile manufacture. 

Sulphates. Another important class of compounds of oxygen is 
worthy of attention here, the sulphates. These are compounds of oxy- 
gen and sulphur with one or more of the metals. There is one very 
common sulphate among minerals, gypsum, which we are likelv to 
meet over and over again and in many different forms. We shall study 
about it later. Another fairly abundant sulphate is barite or heavy 
spar, distinguished from other similar minerals by its great weight. 

There are several other classes of oxygen compound.s. but they are not 
very abundant. How matn-elously this gas loses its identity in the host 
of compounds which it forms with other elements! 

Formulas of Compounds. You have probably come to the conclu- 
sion already that some minerals are very complex chemical compounds. 
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and that if you had to roaord their composition in your uotebook. it 
would take considerable space. Here again the chemist comes to the 
rescue with his labor-saving chemical lormtdas. These are made u]i oi 
the symbols of the elements of which the compound is composed. If the 
elements are not combined in the proportion of one to one. a small 
figure is placed a little below the line, after the symbol of the element 
to show the numt>er of it.s atoms in the compound. For example, water 
IS composed of two atoms of hydrogen (Hi coinlhned with one atom 
of oxygen lOi. Its formula is written HX). In corundum there are 
two atoms of aluminum (All, combined with three of oxygen (1)); it' 
formula, therefore, is ALD,.. The Use of the'C fonimhis saves much 
time. 

It will not take long to learn the symbols of the elements which occur 
most commonly in minerals, and a' soon a' you have done 'O. you will 
find it very interesting to visit a large museum and examine tlie foi'inula' 
which appear on the labels of the specimens, and in tlii' way you will 
quickly learn their chemical composition and be aide to aii'Wer for each 
mineral you see there the rmestion at the hea<l of tin- chaiiter. "t'lf what 
i' a mineral made?” 

We have seen that mineral' are iinnle of chemical element' and their 
compounds, but we ha^■e yet to learn that they niii't be formed in na- 
ture's laboratory. The conclusion i- that a imiifrai 's nnii rliftnind 
element or compounii occirrhnj oi n jmrt oi tht Eiirtli\ I'riist. 

Xow we have learned all of the cherni'try we 'hall ueeil fur thc'c 
preliminary 'tudic' of mineral', and we are ready in our next chapter 
to pinnae into the 'tudy of their properties, which i' one of the niO't 
delightful parts of the study of nnneralotry. 



Chapter 5 

HARDNESS, OR THE MEANING OF A SCRATCH 

A father and his son were driving through the Northern Adirondack 
mountains one day when they came to a ledge of rock showing great 
grooves running across it in parallel position. The boy at once ex- 
claimed : “Oh father, look at those big scratches !’’ Sure enough that’s 
what they were and any of us who drive that way can see them to this 
day. Such scratches may also be seen on countless other ledges and also 
on loose pebbles and boulders all over the northland of America. ^Yhat 
are they? 

Geologists tell us that the Northern portion of our country was once 
completely covered vdth great glaciers or sheets of ice, hundreds or 
thousands of feet thick. In many instances, pieces of quartz, or other 
hard substances, became frozen into the ice mass on the under side. 
As the great mass moved across the rock ledges, the hard substances 
scratched the ledge and thus left indelible e\'idenee for all time, not 
only of the glacier’s presence in those particular localities, but also of 
the tremendous power which it exerted as it ground its way across the 
ledges of rock. 

But it is not necessary to go outside of our own homes to find scratches. 
They are everywhere about us, on our silver-ware, our kitchen utensils, 
nur tables and floors, and they always have the same significance. "Wliat 
is it? Simply this, that the substance producing the scratch is harder 
than the one scratched. 

Seven specimens are before us for pleasurable study. They are the 
first specimens we ever bought. YThat shall we do with them? 

The most attractive one is six-sided, colorless and as clear as glass. 
Let us draw a sharp point or edge of this specimen across each of the 
others. We see that it has left a .scratch on each of the others which 
we cannot blow off or wipe off. 

Scratching one mineral with another enables us to decide which is 
the harder of tlie two, for the harder of any two substances will scratch 
the softer. If the six-sided specimen will scratch the other six, it must 
be the hardest of them all and we will mark it number seven. 

Next let us see whether we can scratch number seven with any of 
the others. No, we cannot. If we think for a moment, we will conclude 
that hardnef^ G rfs^sfance to scratchinfj. 

Let us reason further with ourselves as to the meaning of a scratch. 
As we motored alomr the road yesterday we saw a farmer plowing. 
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What was he doing? Simply scratching the surface of the earth with 
his plow, but in doing so his plow pushed the soil aside, leaving a fur- 
row. Are we not doing the same thing when we test the hardness of 
a mineral? The harder mineral pushes aside the minute particles of 
the softer mineral and leaves a furrow or scratch on its surface. We 
might, therefore, say that har-dntss is the resistance ichich the )ninufe 
particles of any substance offer to another trying to push them into a 
7iew position. 

We noticed in scratching our specimens that some of them were much 
more easily scratched than others, and that deeper furrows were left 
on them. We also noticed that the one which was most deeply scratched 
had a greasy feel. Such a feel is characteristic of very soft minerals. 
Let us test this specimen and see wliether it is really the softe.st of them 
all. Yes, each one of the others scratches it, so we can safely call it 
number one. 

Selecting next the specimen with four smooth .surfaces, the adjoining 
ones being at right angles to each other, let us try scratching the other 
minerals with it. We find that it will scratch all of them except number 
seven, so it must be number six. Using the same method with the other 
specimens, we will soon have them all arranged and know their relative 
hardness. 

The scale of hardness consists of ten minerals, arranged according 
to their hardness from the softest to the hardest. They are; 

1. Talc; 2. Selenite; 3. Calcite; 4. Fluorite: 5. Apatite; 6. Feld- 
spar; 7. Quartz: 8. Topaz; 9. Corundum: 10. Diamond. 

We have already made the acquaintance of the first seven and now 
we have their names. They are all common minerals and we shall 
doubtless meet all of them many times in the future. The last three 
are comparatively rare minerals and we are not ver\- likely to meet 
them in the field, but their great hardness makes them important, as 
we shall soon see. 

Do not get tlie idea that number three in the scale of hardness i- 
three times a-s hard as number one. or that number seven is seven times 
as hard, or that number seven is seven-tenth's as hard as number ten. 
The number merely indicates tlie relative hardness. Selenite is alwavs 
harder than talc: ealeite is always harder than selenite; and so on. On 
the other hand, some specimens of a mineral m.ay be harder than other 
specimens of the same mineral, though this is not usually the ca-;^'. 
Hardness is generally quite a uniform characteristic and it is usually 
regarded by mineralogists as one of the safest guides in the determina- 
tion of minerals. It is always mentioneil ;n the scientific il 'Simiption 
of a mineral. 
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It is a good idea to have the minerals in the scale of hardness handy 
for reference. Some collectors make it a rule always to carry a little 
piece of quartz with them, for they know there are so few minerals 
harder than quartz, that if one is found which cannot be scratched by 
quartz, it is worth while to investigate further to ascertain whether it may 
not be something rare or of commercial value. 

There is another little scale which is useful in roughly testing hard- 
ness in the field. Here it is : 

(a) Alinerals scratched by the finger nail have hardness of 2.5 
or less. 

(b) ^Minerals that will not scratch a cent, but are too hard to be 
scratched by the finger nail, hare a hardness between 2.5 and 3.5. 

(c) Minerals that will scratch a cent, but are themselves scratched 
by a good steel knife, have a liardness between 3.5 and 5.5. 

idl Minerals that are not scratched by a good steel knife, must, 
therefore, be over 5.5. 


You will find it a good idea to keep a record of the hardness of all 
the minerals you test, arranging them in regular order. You will soon 
find that the number of soft minerals is much greater than the number 
of hard ones and that most of the common minerals are not very soft. 

In testing the hardness of minerals great care should be taken to 
make sure that one mineral really has scratched the other and has not 
left upon it merely a mart or a ridge of its own powder. When you 
draw a piece of chalk across a blackboard, you are simply making a 
white chalk mark on the harder surface of the board. When a true 
scratch has been made, you cannot rub it off with your finger as vou 
can a mark or streak of the powdered mineral. 

Remember too that minerals are sometimes altered by long exposure 
to the atmosphere and rendered much softer than they were at first. 
The commonest illustration of this is the change of hard feldspar, hard- 
ness 6. into soft kaolinite or clay, hardness 2. Corundum, hardness 9, 
is verv- frequently altered on the outside into mica, hardness 2.5, or to 
some other mineral much softer than itself. These changes are, how- 
ever, usually apparent to the eye. If the mineral has a mealy or porous 
look, it is probably not in its original condition and is likely to be much 


softer than its typical hardness. 

Let us see how a test of hardness will aid in identifying minerals. 
When you are off on a hike, and come to a ledge of rock, if your knife- 
blade will scratch it. you can be sure that it is not any rock which is 
largely composed of the hard mineral quartz, such as quartzite or sand- 
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an expert, but if you are able easily to scratch a specimen with your 
knife-blade, you can be sure that it is not feldspar or any harder min- 
eral, such as quartz. 

Hardness is also one of the most important characteristics of a gem. 
Diamond wears so well because of its unequalled hardness. Ruby and 
sapphire, two very valuable precious stones, are next to diamond in 
hardness, each being a variety of corundum, number nine in the scale. 
Chrysoberyl, hardness 8.5, ranks next; then come topaz, spinel and the 
different varieties of beryl, including emerald, morganite, aquamarine 
and golden beryl, all of which are approximately 8. A knowledge of 
the hardness of precious stones has great practical value because it 
aids in the selection of stones which will wear well if they are to be 
subjected to rough usage. 

Abrasives. Hardness enters even more practically into everyday 
life through the use of hard minerals as abrasives. These are hard 
substances used in grinding softer ones. You will find it most interest- 
ing and profitable to read up on abrasives, a subject which can scarcely 
be more than touched upon here. 

Diamond, of course, is by far the most valuable of the abrasives. It 
is one of the few minerals whose hardness varies greatly in different 
forms or different localities. Thus the diamonds of Australia are much 
harder than those of South Africa, and the black variety, known in the 
trade as “carbon” is much harder than the gem diamonds, and is the 
hardest substance known. For this reason, it is in large demand for 
diamond drills and commands exceedingly high prices. “Bortz” or 
“bort” is diamond which is not clear enough to be cut into gems. It is 
used largely by lapidaries as an abrasive. 

The next hardest natural abrasive is corundum. It was formerly in 
much larger demand than at present owing to the fact that a substance 
known as “carborundum,” manufactured in electric furnaces at Niagara 
Falls, is harder and can be produced easily in unlimited quantities and 
of uniform quality. It is interesting to note that a mineral of the same 
composition as carbonindum has been found in verj’ minute quantities 
in the Canyon Diablo meteorite in Arizona, and has been given the 
mineralogical name of moissanite. Corundum is an excellent abrasive 
for many purposes. It was formerly extensively mined in North Caro- 
lina. Canada. India, and other parts of the world and more recently the 
Transvaal in South Africa has been shipping considerable quantities. 

Corundum, naturally mixed with magnetite, is called emery, and prior 
to the discovery of carborundum, it was exten.sively used for erindinar. 
Emery is inferior in hardness to corundum, but superior to all other 
available natural abrasives except diamond. 
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Garnet (hardness 7.5) and quartz sand (hardness 7) are the most 
used of the other natural abrasives. They are chiefly employed glued 
to paper forming garnet paper and sand paper. There are mines of 
garnet in the Adirondack Mountains in New York, also in New Hamp- 
shire and North Carolina. They would he good goals for motor trips. 
It might surprise you to learn of the many uses for garnet and sand 
papers. They are excellent illustrations of the practical applications 
of minerals to commercial and household needs. Each tiny grain per- 
forms its part, because of its hardness, in scratching away the irregular- 
ities of the softer surfaces to which they are applied. 

Another very common way of applying abrasives is by binding and 
cementing together their powder into wheels, such as emery wheels and 
certain types of grindstones. Many grindstones, however, are made of 
sandstone, a rock which is chiefly composed of grains of sand. 

In nature we see evidences of abrasion all around us. An y stream 
bed or the beach of an ocean or lake, bears testimony to countless mil- 
lions of scratches which the harder masses of rock or mineral have made 
on others softer than themselves, gradually wearing them away until 
they become only grains of sand. All around us, therefore, we find 
answers to the question: “AMiat is the meaning of a scratch?” The 
study of minerals transforms the nasty scratch into an object of intense 
interest. 



Chapter 6 

TENACITY, OR THE WAY A MINERAL HOLDS TOGETHER 

It is natural to admire a man with tenacity of purpose. It is he who 
reaches the top of the ladder of achievement. He does not know the 
meaning of the word fail. Like the English bull-dog, he holds on. So 
it is in the mineral world. Those minerals which exhibit the property 
of tenacity most perfectly are those which stand up against any assault 
which is made against them by forces tending to tear their particles 
apart. The tenacious minerals might he described as the shock troops 
of the mineral kingdom. 

Hardness and tenacity are closely related properties, yet there is a 
marked difference between them. We have learned that hardness is 
the resistance which the minute particles of any substance offer to an- 
other body trying to push them into a new position. Tenacity is the 
resistance which the minute particles of any substance offer to another 
body trying to completely separate them. The Latin word, tenacitas, 
from which tenacity is derived, means hold fast. 

Tenacity manifests itself among minerals in several different ways, 
the most notable of which are malleability, ductility, and flexibility. 

Malleability. Take a copper cent. It can be readily scratched so 
that you know it is not hard. Try to break it by pounding it with a 
hammer and you not only find that it is impossible to do so, but instead 
of its breaking, it is flattened out more and more until eventually you 
can produce a thin sheet. There is a Latin word malleus, which mean-i 
hammer, or mallet. Ho%v natural it is, therefore, to call such substances 
which can be flattened out with a hammer or mallet without breakin<r, 
malleable, and to call this properW malleability. 

You can learn something about tlie malleability of iron by watching 
the country^ blacksmith making horseshoes. What do you think about 
the great rolling mills which make sheet iron? Are they taking ad- 
vantage of the malleability of iron ? Can you not picture the rolling 
process as subjecting the iron to an almost infinitely great number of 
blows of a hammer? 

There are not many minerals which show this property of malleabil- 
ity, but it adds very' greatly to the usefulness of those which do possess 
it. Gold is the most malleable of all minerals, it being possible for the 
skillful gold-beater to hammer it into sheets so exceedingly thin that it 
takes 280.000 of them, piled one on top of another, to make a pile an 
inch high. Gold in this form, is called “gold leaf." If you watch a sign 
painter u.sing it, you notice that U necessary to keep tissue paper 
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between the leaves of gold because they are too delicate to be touched, 
but must be lifted up on the paper. 

The only minerals which are truly malleable are the metals, and this 
is one of the most important distinguishing properties of the metals. 

Ductility. Another property of the metals which is closely related 
to malleability is ductility. Minerals are said to be ductile, or to pos- 
sess the property of ductility, when they can be drawn out into wire. 
There is a Latin word, ductilis, derived from the verb, ducere, which 
means “to lead,” that is, easily led or drawn out, just like taffy is 
drawn out. 

Copper and steel are much more used for wire than any other metals, 
but this is only because they are cheaper. Gold and silver are even 
more ductile, and as aluminum is cheap, it also is used. It may not be 
easy for you to demonstrate this property with your specimens, but just 
think of the tremendous importance of ductility in our every-day life. 
If it were not for this property of the metals, we would have no electric 
lights, no trolleys, no radios, no suspension bridges, no elevators, for all 
of these and many other inventions are dependent upon the use of wire. 

In nature, manifestations of the property of ductility may be seen in 
the beautiful specimens of wire gold, silver and copper. 

How shall we link up this property of ductility with tenacity? Is it 
not true that copper is more ductile than lead because its particles offer 
greater resistance to being completely separated while being drawn out “ 
We might put it another way by saying that copper does not break so 
easily as lead and that this resistance to breaking is proof that its parti- 
cles hold together more tightly than those of lead, which is the same 
thing as saying that copper has greater tenacity than lead. 

There are several other manifestations of tenacity among minerals 
which have not as great commercial value, but which it is well to under- 
stand because they help us to determine minerals. We can note these 
but briefly. 

Sectility. The word sectility is derived from the Latin, sectilis, cut. 
If you take the specimen of selenite in your scale of hardness and try 
to cut or whittle it with your knife, you find that you can cut off 
shavings of selenite. Such a mineral is called sectile. Because it is 
not a common property, it helps to identify the few minerals which 
possess it. Among these are selenite, talc, wurtzilite. If we pound the 
sha-vings of any one of these minerals, we will find that they quicklv 
fall to powder. This shows that the difference between sectility and 
malleability consists in the manner in which the particles of the mineral 
are held toeether. 
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Flexibility. Sometimes the same mineral will show two quite strik- 
ing properties. Selenite is such a mineral, for besides being sectile, it 
is also flexible, or shows the property of flexibility. This means that it 
can he bent ivithout breaking and ivill stay bent. If you take a slender 
little crystal of selenite, you can not only bend it, but by holding it 
firmly in one hand and pressing it with the thumb and forefinger, of 
the other hand, you can bend it at an angle and then by shifting to 
another part of the ciystal, you can repeat the operation, producing the 
effect shown in figure 23. You can certainly make some odd looking 
specimens when you bend the crystals in two or more directions. 



Elasticity. If you take a sheet of mica and try to bend it. you wdl 
find that it acts differently from .selenite, for while you will succeed 
in bending it, as soon as you release the pressure, it will spring back 
to its original position, A mineral which icill bend and spring back 
is called elastic and this property is termed elasticity. All of the micas 
are elastic, but as they weather they lose their elasticity. 

Brittleness. Many a collector has learned to his sorrow about an- 
other property of minerals when he has found a fine specimen in the 
rock and tried to break it out, only to have it go to pieces. This was 
because the mineral was brittle, or showed the property of brittleness. 
due to the fact that the particles of the mineral are not held firmly 
together, or offer but very slight resistance to being completely sepa 
rated. Of course, there are degrees of brittleness, for .^ome mineral 
break so easily that they can scarcely be touched, while others break 
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with considerable difficulty. Such familiar words as fragile, iveak, and 
tough are used to describe them and they are self-explanatory. When 
you begin field collecting, you will soon meet minerals which illustrate 
these and other properties. What a satisfaction it will be to know about 
them in advance. 



Chapter 7 

CRYSTALS— THE FLOWERS OF THE MINERAL KINGDOM 

In the month of June we are thrilled by the beauties of the flowers 
in the garden, but soon they wither and die. We may experience similar 
delight by visiting a good mineralogical museum and there seeing the 
lovely flowers of the mineral kingdom which are permanent and never 
die and are always ready to reward us for the time we devote to their 
study. 

What a wealth of captivating crystals there are ! We see little dia- 
mond erj’stals, charming groups of gold crystals, magnificent large crys- 
tals of stibnite, sparkling crystals of quartz, rich golden crystals of 
oalcite, delicate blue topaz crystals, gorgeous red wulfenite erj^stals. and 
hosts of others, each different from all the others. What a wonderful 
garden it is ! How entrancing it will be to learn about its flowers ! 

What are crystals? We need not go outside our own homes to begin 
our study of them. Right on our dining table there are multitudes 
of them. Pick up the salt cellar and shake a little salt into your hand 
and examine it with your pocket lens. If you have never done this be- 
fore, you will be amazed to find that table salt consists of great numbers 
of tiny cubes, figure 24, These cubes are true crystals of salt and each 



one is like every other in certain particulars. How many sides or 
"faces" have they? Is the angle between any two adjoining faces the 
same as the angle between every other pair of adjoining faces? We can 
see almost at a glance that these cubes all have six faces and that the 
angles are the same. Possibly, if we look closely, we shall see that some 
of them are somewhat rounded, while an occasional one may be a little 
elongated, but these are imperfections which we must expect to find in 
natural crystals, for it is practically impo.ssible to find them perfect, 
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It is for this reason that it is best, when the study of crystals is first 
taken up, to learn about their ideal forms. 

An expert workman might make a perfect cube of glass or metal or 
wood, so that its faces would be perfect squares and the angles between 
the adjoining faces precisely alike, but such a cube would not be a 
crystal. There is a most interesting difference between such a model 
and a true crj’stal formed by nature or in the laboratory. Externally 
their forms may be identical, but in a erj'stal there is a definite internal 
arrangement of the atoms of which it is built, while no such arrange- 
ment exists in models of crystals. For a hundred years it had been 
assumed that crystals had this definite internal structure, but it was not 
until 1912 that the great crj'stallographer. Lane, by aid of X-rays, made 
the structure actually visible. A microscope may never be made power- 
ful enough to enable us to see the tiny’ atoms of which all crystals are 
built, but photographs made with X-rays do actually show regularly 
arranged dots which are produced by vast accumulations of these atoms 
in definite layers or planes at fixed angles to other planes. It is thus 
proved that there exist certain great forces which act between the atoms 
inside crystals and compel them to assume the forms which we see. We 
have entered a great and fascinating field for study, in which a vast 
amount of work is now being done b.v research workers. While, as be- 
ginners, we may' not be able to proceed very far in the study of the 
structure of crystals, there are many' things we may learn about them 
which are well worth knowing. 

In view of what we have already learned, if we were asked, “what 
is a crystal?’’, we could reply, a crystal of a mineral is the regular form 
which it assumes, as a result of the attraction between the atoms of 
which it is built being eserteel in fixtd directions when it is in process 
of formation. 

We are not. at present, able to see the crystallizing forces at work, but 
we can see the crystals forming. Watch a pool of water on the side- 
walk or the moisture on the window pane, when the temperature is 
falling below the freezing point, and you can see ice crystals form. 
Possibly you have seen the projection on the screen of the formation 
of various crystals of chemicals. If you make a strong solution of 
alum or blue vitriol in a tumbler and suspend a crystal of either bv 
a thread in the solution for a day or so, you can produce fine cry'stals 
of much beauty, though you may not be able actually to see them 
grow. 

A very large majority of all minerals are found in cry'stals and in some 
of them the number of distinct forms which are combined in a single 
crystal is large. The common mineral calcite leads all others in the 
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great variety of its forms, indeed a collection of 800 or more specimens 
might be gathered together if all the forms of ealeite could be brought 
to one place. It is most surprising that with many hundreds of minerals 
forming crystals and some of them producing an almost endless number 
of forms, some of which are highly complex, erystallographers have 
been able to classify them all into only six great systems. It will be 
possible for us to learn the fundamental differences between these 
systems, and if we do so, crystals will hold a far greater fascination 
for us, whenever we see them. 

The first thing for us to do is to use our imaginations, for strange as 
it may seem, the classification of crystals depends upon certain wholly 
imaginary lines, called axes, which are assumed always to pass through 
the centers of the crystals. The differences between the systems are 
differences in the number, length, and position of these imaginary axes. 
In five of the systems there are three axes, while the sixth system has 
four axes. In one system they are all of the same length, in all of 
the others the lengths are different. In three of the systems all of the 
axes are at right angles to each other, while in the other three, one or 
more of the axes are inclined to the others. As we study these six 
systems, we will see what marvelous changes in the forms of the 
crystals are brought about by these diff’ereuces in their axes, and on the 
other hand, we will be amazed to find if we examine many thousands of 
crystals, that the angles between like faces of any mineral are always 
the same. 

Our search for crystals will be pursued with new zeal as we under- 
stand more and more about their wonders. Let’s see what we can learn 
about these marvelous crystals. 



Chapter 8 

CHARMING ISOMETRIC CRYSTALS 

Isometric Crystals. With keener interest than ever before, because 
of our preliminary studies of crystals, we make another visit to the 
museum and look at the large crystals of halite, whose acquaintance we 
have already made as table salt. Next we examine the galena crystals 
and here again we find cubes among them, though most of the specimens 
show other faces besides those of the cube. We find this is true also 
of fluorite and pyrite, over whose glorious crystals we become more 
enthusiastic. Some of their forms are really quite mysterious and per- 
plexing. We shall learn more about these later. 

Just now we are most interested in laying a broad foundation for 
our study of crystals and this we can gain by a careful investigation 
of the important forms found in the first of the six systems of crystals, 
which the crystallographers call the isotiietric system. 

Isometric! What does this mean? It is derived from two Greek 
words, isos, meaning equal, and ynetron, measure; equal measure. Think 
for a moment how this applies to the cube. You remember that the 
length and breadth of each of its faces are equal and that all of its 
angles are equal, or are right angles. 

How a potato aids crystal study. It seems like a far cry from a 
potato to a crystal, but let us see how a potato can help us to under- 
stand several of the forms in the isometric system. We want to make 
from it the crystal form shown in figure 2.5. called the octahedron, so 
named because of its eiirht bases, the Greek octa, meaning eight, and 
edra. meaning lase. Select a big round potato and cut from it with a 
sharp paring knife, a two inch cube. Measure the sides with a rule and 
see that all of the edges are the same length and try to make the angles 
perfect right angles. Take the rule and with a sharp-pointed indelible 
pencil, draw lines linhtly across each face diagonally from corner to 
corner. They will meet at the center of the faces. It is easy now for 
us to imagine that there are lines drawn from the center of each face 
to the center of the face opposite to it. and we know that they would 
meet at the center of the cube and would all be at right angles to each 
other and of tlie same length. Let us bear these facts in mind while we 
proceed with our work. 

Now let us mark the center of each edge of the cube with our indelible 
pencil and draw lines from each point to those adjoining it. If we do 
this accurately, we shall have marked off a square on each face of the 
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Figures* 25—30. Forms of Isometric Crystals 


cube, as shown in figure 20. Now let us take our knife and gradually 
shave off the eight corners of the cube until we have reached the lines. 
\Ye shall have produced a form like figure 27. which shows, still, parts 
of the si.v faces of the original cube marked a and eight new faces 
marked o. This form is very common in galena and we noticed it when 
we were at the museum. 

Let us continue to shave off the potato in the same direction, a little at 
a time, first above and then below, parallel with the eitrht new faces. 
At last we succeed in cutting away all of the cube faces and there will 
be only' the faces of the octahedron, as shown in figure 2.5. Note that the 
distance between the points of the octahedron is the same as that be- 
tween the centers of the opposite faces of the cube, figure 24. therefore, 
if it were a true crystal, it would belong to the same system of crystals 
as the cube. TVhen you go out collectins be on the lookout for little 
black octahedrons of magnetite : they are very common in some localities. 
Chromite too almost always occurs in octahedrons when it is cry'stallized 
and this form is common also in cuprite and diamond. 

All crystals ichich have three axes of the same length and at right 
angles to each other, belong to the •so>nftrir sifstt^m. 

If the octahedron produced from the potato cube were not so small, 
we could proceed to make another isometric form, the dodecahedron. 
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figure 28, from the octahedron, by shaving off its edges, as shown in 
figures 29 and 30. 

Crystals of cuprite and betafite often show such combinations of forms 
as these. We can, however, produce the dodecahedron more easily 
direct from the cube, so let us start with a fresh potato, make a two-inch 
cube, then slice off its edges, a little at a time, all around. At first it 
will appear like figure 31, which we sometimes see in fluorite. Counting 
the number of new faces, we find there are twelve of them, and if we 
continue to cut away all of the cube faces, a we produce the form shown 
in figure 32. Finally, all of the a faces are removed, leaving only the 
new faces d and the form is produced which is shown in figure 28, called 
dodecahedron, from the Greek dodeca, twelve and edra, base. We shall 
often meet the dodecahedron in the mineral garnet. In certain localities 
hundreds of crystals of this form can be picked up loose in the soil, 
while many thousands are imbedded in the near-by ledsres of rock. 




Figure 31 




Figure- 31-33. Forms of I-iometric Crystals 


Another very common form in garnet i.s the trapezohedron. figure 33. 
If we look at it carefully, we see twelve faces and we know there are 
twelve more on the invisible half of the figure, making twenty-four in all. 
Each is a "trapezium.” which is a four-sided figure with none of its 
edges parallel. Trapezohedrons are the commonest forms of crystals 
of analcite and leucite. 

The pijrdohedron is so named because it is one of the commonest 
forms in the mineral pyrite. It is shown in figure 34. You may find it 
difficult to secure a simple pyritohedron, for while it is so common, it 
is usually combined with other forms, such as the cube and octahedron. 
One such combiimtiou of unusual interest i^ described on page 66. The 
pyritohedron has twelve faces, the same as the dodecahedron, but look 
at them and you will see one striking difference — the faces of the 
(lyritohedron. unlike the dodecahedron, have fivpp(le:ps instead of four or 
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are pentagons. It is for this reason that the pyritohedron is sometimes 
called the pentagonal dodecahedron. 

It is customary where there are two or more forms combined in one 
crystal to speak of the form with the smaller faces as modifying the 
one with the larger faces ; thus in figure 31 we see the dodecahedron (d) 
modifying the cube (a) ; while in figure 32 the cube (a) modifies the 
dodecahedron (d). If the cube and octahedron are equally developed, 
as in figure 27, the form is called a cuho-octahedron, which, as we have 
seen above, is very common in galena. 



Figures 34, 35. Forms of Isometric Crj’stalt 


If you become throughly familiar with the five simple forms of 
isometric crystals above mentioned, and their combinations, you will have 
gone a long way toward identifying any isometric crystal you may see. 
and you will meet many of them, for the number of isometric crystals 
in nature is very great. Often two or more of the forms are combined 
in the same crystal, as shown in figures 27, 29, 30—32 and in figure 35, 
which shows the common form of the handsome garnet crystals from 
Alaska which adorn many collections. 

Most minerals have certain characteristic forms in which they occur 
much more frequently' than in any other forms. Thus in garnet the 
forms we have already met in figures 28, 33 and 35, are much more 
common than any' others, while the cube, which is so abundant in many 
others minerals, is almo.st never seen and the octahedron, a very com- 
mon form in numerous minerals, is very rare. 

You will surely derive much pleasure from identifying the different 
forms of isometric cry'stals. Many', which at first may' seem very' com- 
plex, will, in a little while, be easily' understood and you will be able 
to name the faces as soon as y'ou see them. 



Chapter 9 

FOUR GROUPS OF CRYSTALS 

Tetragonal Crystals. If you compare figures 25 and 36, you will see 
at a glance a marked ditfereiiee, even though each of them has eight 
triangular faces and their three axes are at right angles. You notice 
that the vertical axis is much longer in figure 36 than in figure 25 and 
much longer than the two horizontal axes. In figure 37 the vertical 
axis is shorter than the two liorizontal axes, which are of the same 
length. We have thus quickly learned not only the difference be- 
tween the first and second of the great systems of crystals, hut also that 
in this second system called the teiragonal system, there are three axes 
at right angles to each other, the vertical axis being either longer or 
shorter than the two equal horizontal axes. 



Figure Figure 37 

Flgv.res J6. 37. Tetragonal Pyramids 


Notice that the faces of figures 36 and 37 are marked “p.” They are 
called “pyramids." and surely if we were to cut number 37 in half, 
horizontally, the upper half would he much like the great pyramid in 
Egypt. These forms are really double pyramids. Let us remember, 
therefore, that in the tetragonal system, it is not the custom of erystallog- 
graphers to speak of octahedrons, but of pyramids. The reason for this 
is very simple ; all of the edges of the faces of the octahedron are equal, 
while in the pyramid of the tetragonal system the horizontal edges are 
always of different lengths from the other edges. 

Figure 38 represents the tetragonal form which we would produce 
by piling one potato cube on top of another. This form is called a 
square prism. It is natural to call the face upon which the cubes are 
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resting the base. This term is used for both the top and bottom fares, 
which close the open form of the prism, its sides, or vertical faces, being 
called prismatic faces, or simply prisms. 

In figure 39 we see a combination of a prism (m) with quite a flat 
pyramid (p). This form is frequently seen in the mineral zircon, a 
mineral which was formerly regarded as rare, but which has been shown 
to be present in all granite rocks, though usually in minute crystals. 
Be on the lookout for it and you will recognize it by its form. 



Figures 3S-40. 



Figure 39 

Form*, of Tetragonal 



Figure 40 
Crystal 


I’igure 40 has prismatic and pyramidal faces, just as figure 39 has, 
but how different it looks. Can you see what the differences are? Note 
first that the pyramids are much steeper than in number 39 ; then look 
at the way they meet the prism faces. There is not a horizontal line 
running around the crystal, as in number 39, but a zigzag. The vital 
difference is that in figure 40. there i' a different kind of pri'in. which 
is lettered a instead of rn. .lu't imagine slicing off' the vertical edges 
of the prism faces in figure 39 and you will be able to locate this new 
bind of prism, which forms equal angles with the faces of the prism m 
on either side of it. You will see it in many specimens of the beautiful 
mineral apophyllite from Andreasberg. Germany, from Berufiord, Ice- 
land. and other localities. If you were to cut off the points of the 
crj-stals horizontally, replacing them by the two bases, you would de- 
velop a form of apophyllite which wa.s once fairly common in the trap 
rocks of New Jersey, near to New York City. 

'While there are not very many tetragonal minerals, some of them 
are of great importance. Chalcopyrite is one of them. Its crystals may 
puzzle you considerably, but if you remember that its common form. 
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Figure 4J, Chalcopyrite Ctydisds (Spheaoidb) on Sphalerite; near Joplin, ^ssouri 


known as a sphenoid, is one in which only half of the pyramidal faces 
are developed, you may thus see why there are but four faces instead of 
fight. It occurs in the Joplin, Missouri region in beautiful, brilliant 
little crystals of this type on verj' attractive crystallized dolomite, figure 
19s, and sphalerite, figure 41. Such specimens would be worthy addi- 
tions to your permanent collection. 

Cassiterite is another mineral which crj'stallizes in the tetragonal 
system. Its crystals are usually very complex. Rutile is a fairlv 
plentiful mineral whose crystals are almost exactly like those of cas- 
siterite. When you visit the public museum look up these minerals and 
also wernerite and vesuvianite, two rock-forming minerals, also beautiful 
wulfenite. Even though tetragonal minerals are not plentiful, it pays 
to know about them, for some of them are among the most spectacular of 
all species. 

Orthorhombic Crystals. Two Greek words briefly describe the third 
great system of erv-stals; they are orthos, straight or right, and rombos, 
a rhomb. From these words the word orthorhombic has been derived to 
describe crystals having three axes at right angles to each other, all of 
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different lengths. One of the simplest forms of the orthorhombic system 
is shown in figure 42. How does it differ from the cube of the isometric 
system and the tetragonal prism 1 First note that, because the vertical 
and horizontal axes are of different lengths, its vertical faces, lettered 



m, are rectangles, as in the tetragonal prism, instead of squares, as in 
the cube. Second, look down on the form from above, figure 43. and note 
that its top and bottom faces, lettered c, are rhombs, which shows that 
the angles between the prism faces are not right angles. The funda- 



mental, or “unit,” prism occurs in all of the systems except the isometric, 
and is always lettered in. while the horizontal ba.se. which combine? 
with and close.? the ]tri.~ni at both end.-, is lettered c. 

Figure 44 shows a simple crystal of barite, with the same forms as 
tigure 42, but with the vertical axis much shorter, thus producing a 



Figure 44. Simple Form of Barite Crystal 


crystal which is tabular parallel to the base, c. This is a common form 
in barite, though there are often other faces present which sometimes 
are so large a.s to make the prism and base inconspicuous. 
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There are double pyramids in the orthorhombic system, such as figures 
45 and 46, which resemble those of the tetragonal system, and sometimes, 
at first sight, a simple double pyramid might be thought to belong to 
the tetragonal system, but it can be readily distinguished by looking 
doivn on it from above the terminal point, and noticing that a horizontal 
section of the crj'stal would be a rhomb and not a square. A crystal of 
sulphur well illustrates this characteristic. 

There are about two hundred different minerals which crystallize in 



Fleare 45 Figure 46 Figure 47 


Fiyurw 45-47. Other Orthorhombic yorm& 

the great orthorhombic system. Among them are such outstanding 
species as topaz, figures l.iS-lGO. aragonite, chrysoberyl, figure 163, 
staurolite, figures 99-101, barite, figures. 44, 47, 165, 166, celestite. 
anglesite, ceru.ssite, stibnite and ehaleocite. It is well to know some- 
thing about their crj’stals, even though the forms of many are so complex 
a.s not to be easily understood. This very fact stimulates our ambition 
to study them and we shall have the mastery of their forms as one of our 
delightful goals. 

Monoclinic Crystals. If you look at figure 48, which shows one of 
the simplest forms of pyroxene, you will see that the angles on its 
front face are all right angles, which indicates that two of its axes are at 
right angles to each other. On looking at the other faces, however, it is 
emdent that the third a.xis is inclined to the vertical, for this crystal 
has a distinctly bent-over appearance. If you were to hold such a 
crj'stal with its face a vertical, the face h would also be vertical but the 
face c would be inclined so that the edge between c and 5 would not be 
horizontal. Thi.s is one of the characteristics of the fourth great system 
of crystals, known as the nvmochnic system, in which there are three 
unequal axes. tu'O of whieh are at right angles while the third is Inclined 
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to the vertical. The forms cannot be studied in detail without con- 
siderable knowledge of geometry, but even the beginner will readily 
note the difference between them and the forms of the three systems 
already studied and when he meets a typical monoclinic crystal, with 
its characteristic inclination, he can he reasonably sure that it belongs 
in this system. 

It will be worth your while to familiarize \ ourself with the appearance 
of some of the monoclinie crystals. A common form of selenite, shown 
in figure 49, will be frequently seen. Orthoelase is found in many dif- 
ferent forms, some of which are most perplexing, but the simple shape 



Flgrure** 4S-52. Forme of MonocUoic Crystals 
Figfure 53. Simple Form of Triclinic Crystal 


shown in figure 50 is common in crj-stals from Goodsprings, Nevada, and 
other 'Western localities. Hornblende and augite are other common 
rock-forming minerals which crystallize in the monoclinic system. Com- 
mon forms of their crystals are shown in figures 51 and 52. 

The monoclinic is one of the largest of the systems and includes be- 
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sides the minerals above mentioned, such important species as borax, 
muscovite, phlogopite, epidote, titanite, azurite, and malachite. 

Triclinic Crystals. The fifth and last of the great systems of crystals 
which have 3 axes is called the triclinic. As this word suggests, the three 
axes are all inclined to one another and they are of unequal lengths as 



Figure 54. Aviiiite Cr.v<ita!s from 'Switzerland 


shown in figure 53. Such a development leads to very complex forms 
whose study is beyond the scope of this book. Fortunately there are 
but few minerals which crystallize in this system and with the exception 
of the plagioclase feldspars, about which we shall learn more later on 
none of them is of great importance. Rhodonite, kyanite and axinite. 
figure 54, are the other leading species. 



Chapter 10 

REMAEKABLE SIX-SIDED CRYSTALS 

Hexagonal Crystals. The most beautiful of all crystals are to be 
found in the sixth of the great systems, the hexagonal. This is the 
only system in which there are four axes. Three of these are horizontal 
and of equal length, forming equal angles with each other, ivhile the 
fourth axis is vertical and either longer or shorter thati the others and 
at right angles to them. While some of their forms are very complex, 
there runs through them all such manifest evidences of symmetry that 
we shall find it a real pleasure to study them and to unravel their 
forms. 

The hexagonal prism, figure 55, is one of the simplest forms in this 
system. It is found in apatite, beryl and many other minerals. You 
cannot see its six-sided shape if you look at it horizontally from in front, 
but looking down on it vertically its sides appear like figure 56. 



Figare 55 



Figure 56 


Figure 57 


Figures 55—57, Forms of Hexagonal f rystals 


If you have become at all expert in making crystal models from 
potatoes, you will find it worth while to make a hexagonal prism, then 
mark off with your indelible pencil the lines shown in figure 56, and also 
horizontal lines around the prism faces, one of them quarter way down 
from the top and another quarter way up from the bottom. Next shave 
off the six horizontal edges at the top and the six at the bottom, a little 
at a time until you have reached the horizontal lines, holding your knife 
at the angle shown in figure 57 and you will eventually produce the 
form shown in figure 57, Notice that these new faces are like the 
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pyramids of the tetragonal system, only there are six above and sis 
below, instead of four; we shall, therefore, call them pyramids, marking 
them p. Part of the base, or end face, c, still remains. Now begin to 
shave off the horizontal edges at a steeper angle, a little at a time, all 
around, above and below, and you will eventually remove all of the 
base (e) and produce the form shown in figure 58. You now have 
a form showing a combination of the hexagonal prism and a double 
hexagonal pyramid. Such a form is frequently seen in quartz. 


A 



Figure 5S Figure 59 Figure 60 

5S— 60. F‘*>ri»’* of HevHgomil (r.xnials 


If instead of starting to shave off tlie edges above and below the middle 
tf the model, we started at the middle, tiie form shown in figure 59 
would be developed. It is a double hixagoual pyramid. 

Now let us use our imaginations a little, for it will probably be dif- 
ficult for you to make models of the remaining forms with which we 
want to become familiar. Imagine that you are lookincr directly down 
on figure .59 and that yo\i cut away half of its faces above and half below, 
choosing the faces below which alternate with those above instead of 
those which are opposite. Figure HO .shows the form which would be 
produ(’ed. only, of coiir'C. it would be relatively smaller. You see there 
are only half as many faces, and they are rhombs instead of triantrle.^ 
and the line between the upper and lower faces zigzatrs around instead 
of being horizontal. This form, all of who^e faces are rhombs, is called 
the rhombohfdron. There are many different rhombohedrons in the 
hexagonal system, dependincr upon the relative leneth of the vertical 
axis : if the verti'-al axis is relatively lontr. the rhombohedron will be 
steep, as in fisrure 61 : if the vertical axis is relatively short, the rhombo- 
hedron will be quite flat, as in figure The 
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jreat variety of rhombohedrons, both steep, flat and intermediate. The 
rhombohedron is especially characteristic of the group of carbonates. 

It may seem strange that quartz, figure 58. which almost always ap- 
pears to be in hexagonal prisms, terminated by hexagonal pyramids, is 
classified among rhombohedral minerals. This is true of many other 
rhombohedral minerals, all of which occur with their parts in three.s 
instead of in sixes, but in such instances the expert crystallographer 
is able, by certain tests, to detect the fact that the apparent hexagonal 
pyramids are really combinations of two rhombohedrons, while the ap- 
parent hexagonal prisms are combinations of two three-sided prisms. 
The terminal faces are, therefore, called rhombohedrons and not 
pyramids, and are quite different from simple hexagonal forms. Quartz 
crystals are so widely distributed that it is more than likely that you 
will have the opportunity of examining many of them, and if you do. 
they will become more and more attractive to you. It is quite probable 



Figure 61 Figure 62 

Figures 61, 62. Forms of Khombohedral Crystals 


that you will see crystals with but three terminal faces, or, still more 
commonly, crystals in which three of the faces are larger than the other 
three. As you press on in your studies you will find other interesting 
evidences of rhombohedral forms which at first you would be apt to 
overlook. 

One of the most remarkable of these forms, shown in figure 63. is 
called the scale noh(dron. from two Greek words skalenos. unequal and 
edra, base. Note that all of the triamrles which form its boundaries are 
scalene triangles, that is. all of their edges are of different lengths. At 
first glance you may think this form is like a double hexagonal pyramid, 
but soon you will see that there are no horizontal edtres. but that there 
is the same zigzag around the center as in the rhombohedron. A closer 
examination will show you that there are three pairs of faces above and 
that the upper faces alternate with those below. Sometimes the soaleno- 
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hedrons are very steep, as in figure 64, which means that the vertical 
axis is relatively long. Such a form in calcite is called “dog-tooth spar.” 
Very frequently the points of the scalenohedron are cut off by the faces 
of the rhombohedron, as in figure 65, or, again, besides these faces, the 
prism may be present, which is one of the well-known forms at the 
Bigrigg iline, England, as in figure 66. These are some of the multi- 
tudes of forms of calcite crystals with which we shall enjoy becoming 
acquainted. 



Figure €3 Figure 64 Figure 65 Figure 66 

Figure*. 63—66. Forms of C.ilcUe Cr>»tcils 


Only a few of the .simplest and most common forms of the hexagonal 
system have been mentioned. You can ea.sily picture to yourself what 
a host of different kinds of crystals can be produced by combining 
rhombohedrons. sealenohedrons, pyramids, and prisms. You mav easily 
meet with such forms in calcite, tourmaline, hematite or others of the 
many beautiful minerals of this great system which embraces a large 
number of important, common and attractive minerals. Doubtless the 
most beautiful of all hexaETOnal crystals are tho.se of snow, a few of the 
hundreds of different types of which are shown in ficure 67. What a 
glorious collection of erv'stals could be made if it were possible to beep 
the snow crystals ! 
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SUMMARY 

We have learned that the all important distinctions between the sis 
great systems of crystals are in the number, relative length and in- 
clination of the imaginary lines called axes. Let ns set forth the dif- 
ferences between the systems in tabular form. 


Characteristics of the Six Systems of Crystals 



No. of 

Inclination of 


System 

Axes 

Axes 

Length of Axes 

1. Isometric 

Three 

All at right -ingles 

All the same length 

2. Tetragonal 

Three 

All at right ingles 

2 C(jual. 3d longer or shorter 

3. Orthorhombic 

Three 

All at right angles 

All of different lengths 

4. Monoclinic 

Three 

2 at right angles, one 

All of different lengths 



inclined 

5. Triclinio 

Three 

All inclined 

All of different lengths 

6. Hexagonal 

Four 

3 equally inclined. 4th 

3 alike. 4th longer or shorter 


at right angles to 
other 3 


The seareli for crystals adds immeasurably to the zest of mineral 
collecting. The best place quickly to get an idea of their beauty and 
variety is a good public museum, but remember that one crystal you find 
yourself, or for which you pay good money, is worth a score which you 
merely examine in another collection. Be constantly alert for “the 
flowers of the mineral kingdom." 



Chapter 11 

THE PEANKS OF CRYSTALS 

Even crystals, wliicli are supposed to be models of perfection in the 
mineral kingdom, sometimes play pranks on the crystallographer and it 
is for this reason that some collectors have a hobby of collecting freak 
crystals. There is much genuine pleasure to be derived from such a 
hobby, and much can also be learned about the forces which operate to 
produce differences in crystals. 

We have already learned (see page 39) that it is practically impossible 
to find absolutely perfect crystals in nature, though we must bear in 
mind that, theoretically, the angles between their faces are constant, 
and, indeed, this constancy of angles is one of the essential char- 
acteristics of crystals. It seems all the more remarkable, therefore, to 
find freak crystals which, at least at first sight, seem to be so different 
from the typical forms about which we have learned as to make them 
more like forms in some other system of crystals. What are some of 
these freaks? 

Stretched-out Crystals. If we pile up cubes, one on top of another, 
as shown in figure 68, we produce a tall and relatively narrow form, 
figure 69. If these cubes were very small and more of them were piled 
one on top of another, we would produce a very slender, or acicidar 
form, figure 70. Other elongated forms are found besides those of 
cubes, for in other systems of crystals we have these so-called acicidar 
crj'stals. .such as of rutile in the tetragonal system, of stibnite in the 
orthorhombic system, of scolecite and crocoite in the monoclinic system 
and of tourmaline in the hexagonal sy.steni. 

Possibly the most wonderful of all the stretched-out crv'stals are the 
cubes of cuprite elongated into hair-like forms, or capiUar>j crystals, so- 
called from the Latin capdlus, a hair. Cuprite of this variety, called 
ehalcotrichite, is rare and highly prized. The finest specimens thus far 
found in the United States were discovered many years ago near 
IMorenei. Arizona. It was possible at that time to secure specimens 
showing gradations all the way from a regular cube to the finest hair, 
hut when these delicate hairs are examined under the microscope, it 
is distinctly seen that they are not round like hairs, but have square 
edges, proving that they are really elongated cubes. You may not b^' 
able to secure a specimen of this mineral, but if not. be sure to look it 
up the next time you visit a good museum, or get a collector who has 
microscope box mounts of minerals to show yoai its marvelous beauty. 
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As you view the sharp edges of the hair-like crystals, try to picture to 
yourself the battle of the crystallizing forces, the one which pulled the 
cubes out into hairs finally triumphing over the forces tiydng to make 
a perfect cube. Everywhere in the mineral kingdom we can see evi- 
dences of such conflicts. Maybe some day a microscope will be invented 



Figure Figure 69 Figure 70 

Figures 6^70. l>e\e!opment of .Vcirular Crystals 

powerful enough to make them visible, but until then we can find de- 
light in mental pictures of them. 

Flattened crystals. Some curious freaks are produced by the flat- 
tening of crystals. Figures 71. 72, 72 will make it clear how an 
octahedron of pyrite [or of magnetite, or any other isometric mineral'' 
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looks when flattened. The typical octahedron of figure 71 has its faces 
numbered so that they can be identified as it passes through the slightly 
flattened form of figure 72 to the very flat form of figure 73. 



FiffTire 71. Octahedron Figures 72, 73. Flattened Octahedrons 


Garnet crystals in tlie form of the dodecahedron, figure 74. are com- 
mon, but freak crystals like figure 75 are also plentiful. If you ever 
visit a locality, such as Bodo, Norway, where garnet dodecahedrons are 
abundant, you will find it most enjoyable to look for these distorted or 
flattened forms. You will find many gradations from the typical form 
to those which are very much flattened, and to others which are 
elongated. 



Figure 74. Dodecahedron Figure 75 Distortefi Dodecahedron 

Quartz crystals present many freak forms. It is wise to familiarize 
ourselves with these for they sometimes look very unlike the typical 
form shown in figure 7t3. Figures 77, 78, 79 show some of the results 
of flattening, while figure t-O shows the result of the equal enlargement 
of the faces r and e at the expense of the prism face m. 

These and the many other distortions of crystals, which are constantly 
being encountered, are sometimes very perplexing. If it is borne in 
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mind, however, as already noted, that the angles of crystals do not vary, 
no matter how much the crystals may be lengthened or flattened, the 
very perplexities we encounter will stimulate our desire to properly 
classify the crystals we find. 



risnre 76 Ft»are 77 Figure 78 



Fig ures 76—78. Form- of Quartz Crystals, Regular and Distorted 
Fijfnrpii 79. 80. Form** of Distorted <luartz Crystals 

Twisted and curved crystals. Every once in a while you will meet 
crystals which show the etfeets of forc-es whii/h tend to twist them out 
of their normal shapes. Twisted crystals of quartz are common in the 
St. Gothard region of Switzerland : twisted stibnite crystals are quite 
common in certain localities, notably near Hollister. California. 

Curvature is even more frequently seen, indeed it seems to be the 
prevailing habit with .some minerals and this fact presents a problem 
for which, it may be, one of the readers of this hook may be able to find 
a solution. Crystals of gv-psum frequently show curved faces, or some- 
times, as in figure SI. the whole ery.stal is bent almost double. Crvstals 
of sphalerlite generally have some or all of their faces curved; dolomite 
is ven,' often found in group.-; of curved rhombohedrons, figure 198. 
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Figure 81. Curbed Crystals of selenite 

Diamond crj'stals frequently have their fauey curved, as shown in figure 
82. A still more wonderful curvature is shown in figure S3, whicli 
represents the mineral proohlorite. It very commonly occurs in these 
curious “worms.’’ which are usually small and are best seen in micro- 
scope mounts. 





Figure 82 



Figure® 82, 83. Curred Crystals: 82. Diamond. 83. Prochlorite 
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Cavernous crystals. Anyone vho thinks of crystals as uniform in- 
side, even though irregular outside, will be amazed if he makes it a habit, 
even for a short time, to hold up to the light and examine with his 
pocket lens, all of the transparent crystals he meets. He will find that 
many of them show multitudes of minute cavities. Not infrequently 
these cavities are filled with a liquid, in which ease they cannot he 
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liieure 84. nilhhip in Cavity of (Juartz Crystal 

reacliiy .sten. it they are only j)artiari\- tilied. a bubble will move 
around in the cavity. Sucli bubbles may be air. cari.ioii dioxide or some 
other ga>. cu* .siuiply a vacuum. At times cavities are so large as to 
lie easily >ee!i witli the naked eye. as shown in fitnire 84 . Such cavities 
with movable bubbles are comuion in selenite and halite, hirure 85 . 

A verv- remarkalile calcite cry.stal from northern New York, in the 
eolleotion of the late W. W. .Tefferis. had nearly a pint of water enclosed 
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in a large cavity. Another type of cavity is what is known popularly as 
a “negative crystal.” The quartz crystals of Herkimer County, New 
York and the fluorite of Eosiclare, Illinois, frequently show these empty 
cavities, which have the form of the typical crystal. 




Hopper-Ahaped Crystal 


Crystals which have been formed rapidly are generally more ir- 
regular than those which have been formed slowly, the result being that 
they often have cavitie.s in them. Figure 86 shows a curious, but fairly 
common, form of salt crystal in which each face is hollowed out, produc- 
ing a hopper-shaped crystal. Something similar to this in quartz is 
shown in figure 87. 



n^ure 87 



Figure 8S Fiipare 89 



Figures 87—89. S7. Cavernous Quartz Crystal. 88. Cavernous Pyromorphite Crystal 

89. Striated Pyrite Crystal 
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As your knowledge of minerals grows and your collection expands, 
you will add rarer minerals to it and among these will likely be groups 
of cavernous crystals of vanadinite, pyromorphite, figure 88, crocoite, 
and possibly wulfenite and other minerals, and doubtless you will have 
some minerals of this type which no other ccdleetor has. Securing such 
specimens is one of the incentives to collecting. 

Striations. Whenever you go on a hike to a locality in which pyrite 
crystals occur, be on the lookout for crystals which resemble figure 89. 
At first sight you would think such crystals were simply marked with 
parallel lines, but on examining more carefully, you would see that these 
lines, or striations, are really alternating furrows and ridges and that 
the tops of the ridges are flat and are parts of the cubical faces of the 
crystal. The sides of the furrows are alternately parallel with one or 



Figrure 90. 5>triat^d Tournialine Crystal 


the other of two face.-, <u’ the pyritohedron shown in figure 34. The 
erystallographer accounts for these furrows and ridges by assuming 
that when the cry.stal was forming, there was a conflict between the 
forces which tended to produce the cube and those that would form the 
pyritohedron. Each fcrce many times triumphed over the other, only 
to be defeated by it, and so victory swung from one side to the other. 
Because the Latin word for swing is oscUIidh, he calls the resulting 
combination of faces an "osctlhi'onj combhiation.” We have the record 
of the struggle preserved in this wonderful striated crystal. Thousands 
of these striated cry.stals of pyrite and many more thousands of striated 
crj'stals of other minerals, in which other faces are similarly developed, 
bear testimony to conflicts silently waged during millions of years in 
the mineral kingdom and preserved for our study all over the world. 
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Tourmaline crystals often furnish excellent illustrations of striations. 
The prismatic faces may be so deeply striated that it is impossible to 
distinguish any faces at all, as shown in figure 90. 

Horizontal striations on quartz crystals, figure 91, are very common 
and show most excellently the oscillation between the prism and the 
terminal rhomboliedron. 



Figure 91. Striated Quartz Crystal 


Without some knowledge of striatiou.s. the student might be puzzled 
to account fur the deeply ribbed tourmaline prisms and other trans- 
formed faces of crystals, but what a new interest he has in such forms 
when he sees in them the records of battles fought millions of years ago. 


The collector who keeps his eye open for curiously shaped crystals 
will eventually be able to find a great variety of interesting freaks, but 
do not expect to pick up many kinds quickly. Some of them will be 
readily secured, but most of them will come one by one and be prizes 
to reward the keenness of the diligent collector. 




Chapter 12 

HOW AND WHERE CRYSTALS OCCUR 

We are starting out scouting for crystals! How shall we find them? 
Crystals are usually found in one of three ways; First, loose in a 
cavity in the rock in which they were formed; second, attached to the 
rock or to a mass of the same or to some other mineral ; third, embedded 
in the rock. 

The quartz crystals of Herkimer County, New York are generally 
loose in cavities of siliceous limestone; the selenite crystals of Ellsworth. 
Ohio, occur embedded in clay, figure 92. 



Figure 92. < rystaU Kmbrdded in Clay. KlUwi.rth, Ohio 


Near Hot Spring'. Arkansas, quartz occurs in clusters of beautiful, 
attached crj-stals. as shown in figure 93. Groups of quartz crystals are 
verv' common in many other localities. Usually they branch out from 
each other very irregularly. 

In the vicinity of Joplin. IMiss.iuri, there are caves completely lined 
with great crystals of calcite. .some of them weighing as much as one 
hundred pounds, figure 94. It is an inspiring sight to stand in such a 
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Figure 93. .attached Crystal? of Quartz, near Hot Springs, Arkansas 


cave and see these marvelous creations of nature, the points of the 
crystals clear and perfect and glittering all around us. Such a cave, 
found about the beginning of the present century, yielded many hun- 



Figure 94. Groop of Golden Calctte CrystaU from Joplin, Missouri, in .-Imerionn. 
Mnieum of Natural History. Weight, Approximately 100 lb«. 
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dreds of the most gloriously beautiful golden calcite crystals ever found. 
You can see them in many large museums. What a thrill it gives us to 
collect minerals in a locality like this! Yet there are many places, all 
over the world, in which wonderful groups of crystals may be had. 

Parallel grouping. Figure 95 shows a group of crystals of the 
amethyst variety of quartz arranged in parallel position. Standing 



Figrore 95. .Amethy&t Crystals in Parallel Position, Jefferson County, Montana 


with our backs to the light we catch the reflection of the light from the 
same face of every crystal in the group. You will very likely find 
.similar specimens if you visit the Little Pipestone District in Montana, 
and they occur also in a good many other localities. 

In Colorado. England, and elsewhere, octahedrons of fluorite are 
found built up of small cubes all in parallel position, as shown in figure 
96. This is a very remarkable illustration of the combination of the 
crystallizing forces, one of which produces little cubes while another 
arranges them in the form of an octahedron. 

Arborescent or tree-like grouping. One of the most beautiful group- 
ings of crystals is that which may often be seen on the window pane 
or the sidewalk on a frosty day. These charming forms, with their 
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delicate tracery and tree-like shapes, are arborescent groups of ice 
crystals. Such natural beauties are sometimes seen in gold, silver, and 
copper, especially in minute crystals suitable for box mounts for the 
microscope. 



Figure 96. Model of Fluorite Octahedron Built up of Cubes 

Reticulated grouping. The Latin -word reticulatus means “made 
like a ntt," so tlie mineralogist calls such a grouping as that of cerussite, 
shown in figure 97, a reticulated grouping. It is frequently seen in 



FigTire 97» Betloulated Grouping of Cerussite Cryitnlg 
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cerussite and it often aids in distinguishing this mineral from anglesite, 
which it closely resembles. Rutile is also found in similar reticulated 
groups of crystals. 

Rosettes. The commonest of all the iron ores is hematite. Strange 
as it may seem, this mineral sometimes groups its crystals around a 
common center, producing a form somewhat like a rose, figure 98, thus 



Figure 98. Kosette of Hematite (‘*lron Kose"), St, Gotbard. Switzerlaod 

giving rise to the popular jiame of "iron rose.” Rosettes of barite, 
gypsum ('figure 190 \ and other minerals have been called "desert 
roses.” 

Drusy grouping. Did \'.'U ever visit Globe. Arizona, or see in the 
Colorado tourist stores specimens of .so-called "blue quartz"? What a 
charming color they have and how tlu-y .sparkle as the light is reflected 
from the faces of multitude.s of tiny crystals which coat the surface of 
robin’s-egg blue chry.socolla 1 Such densely grouped crystals when small, 
are called dr'/vo. Drusy quartz is of i-ommon occurrence, and you will 
see this method of gi’ouping illu^Trated in other minerals a.s well. 

Twins. Surely there are no twins among minerals! Yes, indeed 
there are and niaiyv of them are jiut iirmly joined together as were 
the famous "Siamese twin-;." Twin^ are sure to be met l>y everv col- 
lector who does much field collecting or who visit.s a good museum. In 
the mineral staiirolite. twins like figures 100. 101. are even commoner 
than single crystals, figure 90. Twins of calcite. page 149, and of 
feldspar, page 222. abound in some localities and are of many different 
forms. 

Let us make a model of a twin of diamond. First make an octahedron 
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from a potato, as described on page 43. Next look at figure 102 and then 
mark with your knife the centers of the edges ab and ac on the upper 
half of the model, the centers of the edges de and ef on the lower half, 
and the center of the edges dc and if on the middle of the model. Then 
cut the model into two equal parts as indicated by the plane hglkjih in 




Figure 100 


Figures 99-101. >raiirollte: Single < r.vsta! 



the figure. AVhen you have cut tlie model in half in this way, hold the 
cut surfaces of the two pieces firmly together and revolve one on the 
other through half a circle (1S0°,). You have thus formed a model 
of an octahedral twin, figure 103. wliieh is the simplest illustration of 
twinning. This is a common form with the minerals diamond, spinel 



Figure** 102, 103. Development of Drtahedral Twin 


and magnetite and the form is known as a “.spinel twin." After making 
this model we can easily understand that the difference between the 
octahedron and the twin is that in the twin one half of the octahedron 
is in a position e.xactly reversed in relation to the other half. Notice 
also that the cut surface is parallel to one of the faces of the octahedron 
This surface is known as the "twinning plane." 
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Sometimes we see crystals which appear to be compounded of two 
whole crystals instead of two halves. Figure 104 is an illustration of one 
of the so-called “penetration twins” of fluorite which are common in 
England and many other localities. You see this is really two cubes 
penetrating each other and not two halves of a single crystal. 



rigure 104. Fenetration Twin of Fluorite Cube», Fugland 


We have iinw learned that /;/ a ficit), out (>f tlu: hitivcs of a single 
crystal, or one of two whole crystals, appears in a position exactly rr- 
n rsrd ill rrfertncc to the other half or to the other crystal, as though 
it had heen rerolveel exactly a half circle or ldO° . 



Figure 103. XM'inaiDff dtriations of Oligoclase Feldspar 
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Some minerals very frequently occur in twins, wMe others never 
do. They are, perhaps, more abundant and more varied in the great 
group of the feldspars than among any other common minerals. 

Many twins are very complex and difficult to understand, but if we 
keep the picture in our mind of that half-circle revolution of one part 
on the other, it will be surprising how many twin crystals we will 
recognize, even though we may not always be able to explain them. 

Twinning shows itself in the plagioclase group of feldspars by stria- 
tions. These are sometimes very coarse, as in albite, while in oligoclase, 
figure 105, they are fine, and in microcline they are practically micro- 
scopic. 

You will find this elementary knowledge of twinning a great help to 
you in identifying minerals and, eventually, when you study the subject 
more deeply and see twin crystals of many minerals, often of great 
beauty and with hosts of sparkling faces, you vfill realize what a fas- 
cinating field for study you have entered. 



Chapter 13 

HOW MINERALS BREAK— CLEAVAGE AND FRACTURE 

1. CLEAVAGE 

The best way to understand how minerals break is to break them, 
but you will find it wise to secure by purchase some thoroughly typical 
material, as advised in chapter 3. It is surprising how much can be 
learned if you have such material and a small hammer. If possible, 
get a little group of collectors together and study this subject with them 
and you will find it well worth while and most interesting. 

Cleavage is the tendency of certain crystals to break in definite direc- 
tions. The break is always parallel with the faces of one of the simple 
forms of the crystal system to which the crystal belongs; thus isometric 
crystals cleave parallel with the cube, octahedron or dodecahedron; 
tetragonal crystals cleave parallel with the base, the prism or the 
pyramid, and so on. After you have become acquainted with these 
simple forms by tlie study of chapters eight, nine and ten. the prop- 
erty of cleavage will be most interesting. 

It is natural to wonder why the cleavage is parallel with a simple 
face. X-ray studies have shown that the atoms of which the crystal is 
built, are crowded densely in these simple planes and that between them 
there is relatively more space, thus creating planes of weakness. It has 
also been shown that this crowding of the atoms is not the only factor 
which decides the direction of the cleavage, for diamond cleavages are 
octahedral and sphalerite dodecahedral, notwithstanding the fact that 
the internal structure of their crystals is identical. It is probable that 
there is a difference in the electrical attractions between the layers of 
atoms which has an influence in determining the direction of cleavage. 
However this may he. we know that the kind of cleavage which many 
minerals u.sually have is a very great help in identifying them and 
in distinguishing them from certain other minerals. 

The property of cleavage is. fortunately, well illustrated among the 
common minerals, though we must bear in mind that some of these 
minerals also occur in granular forms or those which show but little, 
if any. cleavage. You can be sure, however, that if a mineral shows 
cleavage at all. it will be developed by breaking a pure, unaltered 
crystal nf it. 

Let us take a small hammer with a sharp edge and strike a piece of 
halite from Sta.ssfurt, Germany, a sharp, quick blow. See! It breaks 
into many little cubes, but very frequently instead of being simple cubes. 
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the cleavage extends in the cubical directions for a little distance, then 
there is an offset at right angles to the first direction, or, maybe, many 
offsets, then it finishes either in the original direction or at right angles. 
This is well shown in figure 106. While this tendency to produce offsets 
makes it difficult to secure perfect cubes, it really aids us in under- 
standing the property of cleavage, for it shows that the tendency of the 
mineral to cleave is so strong that it will not break far in one direction 
before the forces tending to produce the cube compel breakage in the 
other two directions required to finish the cube. 



Figrure 106* Cubical Cleavage of Halite, Showing: Offsets 


With care, however, we may secure quite perfect cleavages from 
good material ; indeed in some minerals it Is really difficult for a be- 
ginner to distinguish such '‘cleavage crystals" from true, natural crystals. 
Bear in mind, however, that cleavages are apt to have rougher faces 
than natural crystals and can usually be distinguished by that fact. 

It is very interesting to cleave fluorite, and, with a little practice, 
quite regular octahedrons may be obtained from good material. A visit 
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to the fluorspar mines of southern Illinois will yield an abundance of 
good material, or it may be bought by weight from a dealer. As you 
break it up, you will be amazed to see what a variety of forms you will 
secure. Incidentally, they will serve as excellent illustrations of the 
disguising of the crystal form by distortion. A series of the forms, 
some of which you will be very sure to break out, is shown in figure 107. 



Figure 107. Cleavages of Fluorite, Westmoreland, Xew Hampshire 


Sphalerite ha.s a dodecahedral cleavage, but it takes considerable skill 
and extra good material to secure anything approaching a perfect 
cleavage dodecahedron, figure lOS. It is not difficult, however, to de- 
velop the cleavage sufficiently to .sliow at least three faces and conse- 
quently the angles of the dodecahedron. 

So far we have cleaved only isometric minerals, hut cleavage is 
none the less strikingly developed in other .systems. Calcite furnishes 
as good an illustration as there is of the property of cleavage. We have 
already made its acrpiaintance in studying about rhombohedral ervstals, 
page .54, and we learned that its crystals are often highly complex ex- 
ternally. Notwithstanding this fact, they always cleave into simple 
rhombs, figure 109. This is one of the most distingruishing properties of 
calcite and we should, therefore, impress it on our memories. No matter 
how small we break .crystallized calcite. it continues to break into rhombs, 
though, of course, we mu-t not expc.-t perfection, for we will have dis- 
tortion in the cleavages of calcite. as in other minerals, and also the 
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same tendency to multiply its cleavage by offsets, figure 110. Bearing in 
mind that quartz has practically no cleavage, it is easy to tell it from 
ealeite. 



Figure 108. Dodecahedrul Cleavage of Sphalerite, near Joplin, Missouri 

Common feldspar generally shows two cleavages nearly at right angles 
to each otlier. while cleavage in the third direction is only very crudely 
developed, so that regular crystal forms cannot be obtained. It is pos- 



Figures 109. 110. Kliombnhedrai llea\ages of Calcit^ 


■iible, howtner. to split tiff quite thin jilates, rignre 111. The angles be- 
tween their respective cleavages serve to distinguish calcite and feldspar. 

In mica the cleavage is so remarkably developed in one direction that 
plates thinner than tissue paper can readily be separated. This is the 
most remarkable characteristic of the great group of micas, which are 
so abundant in many rocks that you will have no difficulty in securing 
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pieces of mica with which to experiment. Such cleavage, in whatever 
mineral it occurs, is spoken of as micaceous. This cleavage is always 
parallel with the base of the crystal and is consequently also called 
hasal. Basal cleavage is frequently seen in minerals such as topaz and 
apophyllite, which cannot be split into thin sheets, but which do split 
readily parallel with their bases. 



Figiure 111. Kijfht-angle Cleavages of Cummon Feldspar 


Selenite, which we have .iceii .page ol is a monoelinic mineral, ha.s 
a very easy clea\-age parallel with the side face.s cif the crystal and it is 
pos.sible to split otf quite tit in .sheets, the same as with mica, but the 
process cannot be carried nearly as far as with mica, because the 
cleavage is not nearl}- as perfect. 

A comparison of amphibole and jiyroxene furnishes one of the best 
possible illustrations of the importance of cloav.itre as an aid in identifv- 
ing minerals which often closely resemile each uther. These are two of 
the most important and abundant of the roek-forniing minerals. Amphi- 
hole has a prismatic cleavage, the angle hetweeii the two adjoining 
cleavage faces being jimt about that of a regular hexagonal prism, 
actually 124". Pyroxene has only indistinct cleavage, but it frequentlv 
show.s a ■■jiarting" wliidi is ea-ily mistaken for cleavage. The angle be- 
tween tile adjoining faces of its prism is very nearly a right angle, 
actually 91'. It is often jmssible, even in rock specimens, to see the 
cleavage distim/tly by the aid of a pocket lens, and thus distinguish be- 
tween amphibole and pyroxene. 

A lack of cleavage is sometimes a good guide in identifying minerals 
thu.s black tourmaline is easily distingui-shed from deavable amphibole 
and pyroxene, and quartz is distingiii-lmd from cleavable calcite. If we 
see a mitieral with a good rhornbohedral cleavage, we l-ro^r that it i.s not 
quartz, without making any further test.s. for quartz does not cleave 
into rhombs. 

Keep your eye.s open for cleavage and you may surprise some expert 
mineralogist sometime when he is off his guard and is not observing as 
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carefully as he should. Possibly he may call feldspar, calcite and your 
knowledge of cleavage will enable you to show him the error. Certainly 
cleaving minerals should furnish some real entertainment and make the 
study of mineralogy easier and more fascinating. 

2. PRACTUKE 

The break of 7ninerals other than cleavage is called fracture. 

Fracture is not confined to those minerals which do not have cleavage, 
but it is generally difficult to break a cleavable mineral so as to show its 
fracture. For this reason it may be safely doubted whether one min- 
eralogist in ten has ever seen the fracture of calcite. 

The most striking illustration of fracture is presented by those miner- 
als, and some rocks, which have what is called conchoidal fracture. This 
word is derived from the Greek konche, a shell, and dclos. form. Con- 
choidal fracture is. therefore, a kind of In-eak rescnibliiig a shell. One 
of its best illustrations is the volcanic glass, obsidian, tinure 112. 



Figure 112. Conchoidal Fracture of Ob<*idiaD, Fipari Inlands, Italy 


V hen the fracture approaches conchoidal. but is not very distinctly 
developed, it is called sub-conchoidal. Many of the varieties of quartz 
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show this kind of fracture, but sometimes, in well crystallized specimens, 
a true conchoidal fracture is seen. Examine a piece of flint and see 
which kind of fracture you think it has. 

Some of the other varieties of quartz, such as jasper, do not show any 
regularity in their break and are said to have an uneven fracture. 

Did you ever draw your finger across a piece of the common copper 
ore from the famous Calumet and Hecla Aline in the Lake Superior 
region of Michigan? If you do so, you will find that the surface is verj- 
jagged. This same rough feel would be produced in a mass of copper 
if you were to hack it with an axe. and for that rea'On this type of frac- 
ture is called hackly. 

Importance of Cleavage and Fracture 
While fracture is not a property of first importance, cleavage is, and 
it is well to remember, in identifying minerals, that the clear exhibition 
of a property should influence us more than the failure to exhibit the 
property. For example, the finding of a good rhombohedral cleavage 
is a much stronger argument in favor of calling a mineral caleite than 
the failure to secure a conchoidal fracture would be an argument against 
its being calcite, for cleavage is a much more constant and important 
property than fracture. 



Chapter 14 

THE WONDERFUL STRUCTURE OF MINERALS 

In our study of crystals we looked both at their external forms and 
at the forces which held their particles together, and we saw that these 
forces are exerted in definite directions. If we strike a crystal of 
quartz a sharp blow with a hammer, we find that it has no distinct 
cleavage. If we continue to break it up until we secure a fragment 
which shows no trace of a crystal face, it could still be proved by the 
expert mineralogist or by the physicist that this fragment was really 
a part of a crystal and not simply a formle.ss mass. He could even 
determine the position of the axes of the former crystal. These results 
would be attained by certain processes of etching with acids, by which 
the internal structure of the crystal would be revealed. If he were to 
cut a very thin slice of the mineral and examine it under a properly 
equipped microscope, he could prove in this way also that the mass 
was a part of a crystal and possessed an internal structure. 

This great field for research lies before anyone who is not content 
with learning only a little about minerals, but who realizes that their 
earnest study otters him a life work full of pleasure aii<l profit. 

In cliapter seven we took a brief look at ice crystals foi'ining in a pool 
of water. If we look long enough we will see that the great sheet of 
solid ice was formed b}’ one crystal after another forming until there 
were so many and they grew sO large that they interfered one with an- 
other. until at last the water had all crystallized and become a solid 
mass of crystals. Professor Tyndall devised a very beautiful experi- 
ment to prove that while the ciy-taK of ice cannot ordinarily be seen 
in the mass, they are there .lU't the '•aiiie. Figure 113 is his picture of 
what he saw. 

If we had Professor Tyndall'' eyes and his ability and equipment, we 
could iiicture the in-ide of other crv'tal mas'es and behold their beau- 
tiful structure, yet the mineralogists of today have discovered far greater 
wonder? in crystals than Professor Tyndall ever dreamed existed in 
them, .-such advanced studies, however, require expensive apjiaratus and 
knowledge which it take? years to acquire. Some of us may. later on, 
be privileged to enter these Elvsiau fields, but most of Us must content 
ouT'elves with looking at the external evidences of the 'tructure of min- 
erals and the varying ways in which they are aggregated into solid 
masses. 

\ isit a marble quarrx’. or if none i- near you. a marble cutter's yard. 
Pick up a piece oi marble and examine it with your pocket lens. You 
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will see at once that it sparkles by the reflection of light from many 
small, smooth surfaces, which look to us like faces of crystals or of 
cleavages. These were produced by the eft'ort of the mineral to crystal- 
lize. The great pressure to -whieh the mineral was subjected when it 
was forming, and the lack of room prevented its producing distinct 
crystals, just as in the case of the solid ice, but its tendency to crystal- 
lize wms so sti’Oiig that it could not be completely overcome. The result 
is that the whole mass of the marble is full of minute crystal or cleavage 
faces. 



Figure llj. Ice Crystals in Mass of Ice; after Professor T.vndall 

A mineral in which the tendcucij to crii^tuUize i.<i evident, but in which 
no distinct cnjstais are to be seen, is cnlhel crystalline. ^larble is an 
excellent illustration of a crystalline muieral and it shows that the 
crystallizing forc'es operate down to very minute particles. 

M liile the great majority of tninerals have a crvstalliiie structure, 
there are many dilforent types of these crystal aggregates and it is 
with these, even more largely than w.th the distinct crv'stals. that the 
collector will most fivipiently come in contact. While they lack, in 
most cases, the great beauty ot the crystals, they will well repav studv. 

A mineral which is composed of aggregates of grains is called gran- 
ular, or is .saiil to liave a yranuhir .<tnictiin. Tlie size of the individual 
grains vaiu'S ^cr\ iiiuchi aiid marble is a good illustration of several of 
the types; thus we Lave th.e course grairulnr marbles of Georgia and the 
fine granular marbles of Vermont and of Carrara. Italy. 

In lithograpliic limestone and -nalk the grains are .so exceedingly 
small as to disguise the granular structure almost completely. Such 
varieties are called compnet. At tlie other c.xtreme we find some lime- 
stones with grains several inches acros.s. 

If the grains are loosely held together, so that the mass crumbles 
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readily, it is called friable. Sandstone from Klondike, Missouri, is a 
good example. 

Some minerals are built up of plates, or “laminae,” and such min- 
erals are said to be laminated, or to have a lamellar structure, as in the 
variety of albite called cleavelandite. If these plates or leaves can be 
separated from one another, the mineral is called foliated. Tale and 
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graphite are good illustrations. When very thin sheets can be separated, 
as ve have seen on page 79 can be done with mica, the mineral is called 
micaceous, or is said to possess micaceous structure. 

Doubtless you have seen pictures of the Giant's Causeway in Ireland, 
a small section of which is shown in figure 114. What a wonderful 



Fitfure 115. Fil>rous Structure of Crocitlolite. South Africa 

sight it is with its huge siv-sided columns. There are formations similar 
to this in many parts of the world. Such a structure is called columnar. 
We naturally think of a column as something large, so this name is 
confined to structures of considerable size. 



Fiffure« 116, 117. Radlated-Fibrous Structure and Globular Form of Pectolite, 

Paterson, New Jersey 
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A flattened, columnar structure, such as is seen in the mineral kyanite, 
is called bladed. 

When the columns are small they are no longer spoken of as columns, 
but flbers. A mineral made up of many little fibers is called fibrous. 
An excellent illustration of this structure is asbestos. Figure 115 shows 
the South African “blue asbestos,” or crocidolite. The Canadian as- 
bestos has such a fine-fibrous structure that it is possible to weave a 
strong fabric out of its fibers, just as is done with cotton or silk. 

Occasionally the fibers of a mineral radiate from a common center, 
as in pectolite, figure 116. It is natural to call such a mineral radiated. 
The ideal radiated mineral is one which is completely spherical, with 
the fibers all radiating from a common center. Pectolite is found in 
such radiated balls, as shown in figure 117. Such an occurrence is 
called globidar. 

Some radiated minerals are made up of entire crystals with termina- 
tions on the outside. This is frequently the case with the beautiful 
groups of amethyst from Uruguay, also in stibnite from Roumania, fig- 
ure 118, and aragonite from England, figure 183. 



Fi?^iire IIS. lkaUi.itc*d Grouping of Stilinife Cry-tals, Roumania 


As we meet these aiid other varieties of strueture in minerals, we can- 
not fail to be impres.sed with the fact that the more we study the min- 
eral kingdom, the richer will be the rewards which we will receive. 




Chapter 15 

MINERAL MIMICS 

AYe would not expect to find mimics in the mineral kingdom, but they 
are actually very’ abundant. Does not figure 119 look very much like 
a kidney, yet it is actually a pliotograph of a variety of hematite iron 
ore from England, which very naturally has been given the name of 





Figiir*? 119. “Kidney Cumberland, Enmland 

“kidney ore." It was formerly abundant in the English iroit mines 
and specimens of larcre >ize wci-e even more plentiful than small ones. 
It is s,,!uet;me' seen in the Lake Superior irmi mines. Malachite one 
of the copper orC'. freiiiii-ntly i'. foutid in .such spec'imens as fitrure 120. 

If we were to break sm-h spei-imeus of hematite and malachite, we 
would probably rind fpiite a ditierence in their internal .structure. The 
hematite would most likely show a distinctly radiated-fibrous st-riicture. 
while the malachite would probably be curved-lamellar. If we were to 
polish sections of the two minerals at ricrht ancrles to any poi-tion of the 
surface, we wnild see tins dirrerem-e very distin.iUly. The fibers of the 
hematite radiate fri-m tlie center of the kidney, while the layers of mal- 
achite often circle around parallel with the surface, very much like the 
beautiful Brazilian agates, ficrure 121. exhibiting what is known as con- 
centric strnctcre. 

What a good mimic of a hunch of ctrapes we see in figure 122, which 
shows a specimen of hematite. Because the Greek word, lotry, means 
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i^igure 122 . liotr^oULtl Micl)ig<iii: Collection ol >!i(‘hig:in College of Mineb 


clasttr. and udon. means form, mineralogists rail a form wliieh resem- 
bles a cluster of grapes a hotnjoidal form. If you happen to live in a 
region in wliieli the ehalceduny variety of (quartz is found, it is quite 
possible that you will find specimens of this grape-like form, figure 123. 
There are many otlier mineral' which show it. thoiurh it is difficult to 



Figure 123. fhalcedonj- in Grape-like Form. Colorado. Courtesy of Ward's Natural 
Scieuce Fstablishment, Inc. 
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find thoroughly typical specimens. Watch out for it when you visit 
iron mines in which limonite is found. 

When you visit a region where diabase or other basaltic rocks are 
found, be alert for masses filled with holes. Maybe it will seem odd to 
you to think of filling a solid mass with nothing! Before these rocks 
were solidified, these holes were formed by the expansion of steam. 
Later on many of tlieni were filled with many beautiful minerals, chiefly 
the group known as zeolites, about which we shall learn more later, 
(page 246). MTiile the holes are often quite round, many large masses 
of rock in many places are full of holes which are almond-shaped, and 



Figure 124. Coralloidul Form of Aragonite, Slj ria. 
Courtesy of J. G. Manchester 
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for this reason and because the Greek word amygdale means almond, 
this structure is called amygdaloidal. 

In some iron mines and eaves the mineral aragonite produces an odd 
form which mimics the branching corals so well that it is called coral- 
loidal. A specimen is shown in figure T24, but there is an almost end- 
less variation in the appearance of such specimens. 

You may believe it or not, but there are places where minerals mimic 
peas. If you visit the hot springs at Carlsbad, Bohemia, you will find 
there deposits of “pea-stone” or “pisolite," figure 125, made up of great 



Figure 125. Pea-like Form of Pisolite, Carlsbad, Bohemia 


numbers of quite perfect spheres about the .size of peas. These are 
loosely cemented together by the same material, but if you break a 
piece, a number of the "pea.-" will fall out and roll away, as peas do 
when they are being shelled. The Latin word pisiini means a pea. so 
mineralogists call this kind of formation, “pisobtic." The common ore, 
bauxite, very frequently occurs in pisolitic masses and occasionally 
limonite, one of the comniuu iron ores, is pisolitic. Figure 126 shows 
some less perfect "peas" forming “bird’s nest calcite.” 

If we were to cut one of the little "peas" through the center, we 
would find that it is made up of many layers of the mineral deposited 
concentrically around the center. Usually a grain of sand or some other 
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Figure 126. "Bird’s Nest Calcite." Keicbelsdorf, Hessen, Germany 


object forms the imdeun. A foruiatioji produced by the deposit of 
mineral matter around a center is called a concretion, and the structure 
is called concrctioiuinj. 

Have you ever examined any shad roe? How well it is mimicked bj 
the mineral oolite, so called from the Greek words oon, an egg and lithos, 
■^tfute. Do not get the idea, as .some have, that this '‘eirg-.stone" or oolite 

really a petrified shad’s roe. Oolite is simply a mass of small con- 
cretions, the same as pisolite except that they are smaller. Ask an 
architect to point out to you a lieht gray, or maybe a cream-color build- 
ing made of Indiana limestone. You will see in it multitudes of these 
little mineral eggs. If you happen to be in England, you will soon 
find a building made of ‘'Portland Stone” which is a still better illustra- 
tion of oolite. As vast beds of oolitic lime.stone exist in many places, 
the number of complete concretions in nature is inconceivably large. 

Along the shores of the Great Salt Lake, Dtah, there are beds of sand 
composed of minute oolitic concretions. Figure 127 shows this sand 
magnified, while figure 12S shows the concretions ground down and 
magnified so as to show their internal structure and the nuclei about 
which they have formed. Y’e do not. however, have to travel to the 
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Figure 127. Oolitic Sand, Great Salt Lake, Utah. Figure 12S. Same, Ground Down 


ends of the earth to see these marvels of the mineral kingdom, for even 
the builders bring them from far away and make onr office buildings 
of them. 

Figure 129 shows a mineral mimic of raindrops. These tuiy spheres, 
which are greatly magnified in our picture, are hyalite, a variety of 
opal, from Japan. The mineralogist would speak of such an occurrence 



Figure 129. Globular nyaiite, Japan 


a.s trlol'uiar. but 
iite. shown in rl; 

it lias no iiooi'iiii 

ated .stnmture a 
(riodes are ''ri! 
and hollow, tlici 
>hows half of a 


tiiP'e clobule-- are diuererit from the sphere lU’ pec-to- 
gure 11b. becfui'o hyalite i-i an ainorptious minerai, as 
. 'Tysta; ^trui'ture oonseoueiitiy '-hows no siii-]! radi- 
' pocTolite wh-n brok.-;,, 

riLTotioiis. very mrw-ii larc-'r than tiio "pea.s of pi.-^olite, 
r Ulterior often being lined with crystals, Fianire 130 
geode lined with quartz crystals. In Iowa and Illinois 
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Figure 130. Geode. I-ined wifh Quartz CrystaK. Keokuk, Iowa 


and many other localities such geodes are plentiful and average from 
two to six inches in diameter, but oeeasioually they are much larger or 
smaller. These mammoth ‘‘eggs" are to the mineralogist what dinosaur 
eggs are to the zoologist and paleontologist. In Uruguay, and else- 
where, geodes are found lined with rich purple crystals of amethyst 
(juartz. sometimes surrounded with banded agate, figure 131, making 
exceedingly hand'-ome 'specimens. 

Auiother most interesting type of creode found in Uruguay is called 
h 'jdro'' it€ , or water stone. Tliese hydi’olites are chalcedony geodes partly 
filled with water carrying silica in solution. As the water evaporate.s 
the silica is deposited on the walls of the ueodes as quartz crystals. Such 
•'peciniens are highly instructive, as they .show how crystals lining a 
crreat many cavities in rocks have been formed by the dct)osit of niin- 
erals held in solution. 
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Figure 131. Oeotle, Lined uith Ametbyj»t Cry^tuU and Agute, Brazil. Courtesy 

of J. G. Miuichester 
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Caves are found in numerous sections of the world, especially in re- 
gions in which limestone abounds. Water percolating through this rock 
dissolves part of it and then, as it drips slowly from the roof of the 
cave, the limestone is redeposited in forms which mimic icicles and 
which are called stalactites, figure 132. Be sure to visit every cave you 
can, for scarcely two of them are alike and nearly all of them are beauti- 
ful. Internally, too, stalactites dift'er materially, some of them being 
coarsely crystalline while others are concentrically banded, as shown in 
figure 133. Many other minerals are found in stalactites, or groups of 
stalactites, among them are limonite and mareasite. 



Figure 133. Cro>-* ?iection of Stalactite, showing t'onoentrieulIy-Banded .Structure 


Stalagtnites are the forms which are built up from the floor of the 
caves by the dripping water carrying mineral matter. They usually 
have much blunter points than the stalactites. 

There is another type of mineral mimic which reminds us of the wolf 
in sheep’s clothing. Mineralogists dignify it by the name pseudomorph. 
from the Greek words pseudes, false and morphe, form. It seems too 






98 


GETTING ACQUAINTED WITH MINERALS 



Figure 134. I.imonite Pseudomorpli after Pyrite, Waukarnega, South Au-»tralia 

liad that the beautiful mineral kingdom should be degraded by the mas- 
querading of one mineral in the form of another, but that is what a 
pseudomorph really is. You will have to watch out that you are not 
deceived by thc'C iiseudomorph^. One of them is very common in many 
localities; it i.s known as Umotilte pseiidoDiorph after pprife. When you 



Figure 135, Petrified free-Tnink Ferniiii* Xatiirul Bridge, m-.ir Holbrook. .Arizona. 
Courtesy of Atchison. Topeka and Santa Fe Railway 
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Figure 136. Section of Opalized Limb. Clover Creek, Idabo. <Dr. A. E. Foote) 


see forms, figure 134, exactly like the choice crystals of pyrite iu the 
museums, except that they are brown in color, you can be quite sure that 
thej' are these limoiiite pseudomorphs after pyrite. There are some 
localities where they can be picked up in large numbers, while in Utah 
and the Island of Elba fine large specimens occur. 

One of the most marvelous of the mineral mimics is “petrified wood.” 



Figure 137. “Dendrites”; Tree-like Dept^its of Mangaknese Oxide on Limestone, 

Solenhofezu BaTaria 
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In the “petrified forests” of Arizona, now a national reservation, there 
are trees three or four feet in diameter and over one hundred feet long, 
completely changed to quartz, or petrified. Petrified trunks and frag- 



Figure 13S. **Tree-Agate," India 


meiiTs of liinli.s and twig.s ai-e scattered over many square miles. In many 
places large tree.s may be seen, broken up into sections almost as though 
they had been sawn by a lumberman. At one place a petrified tree 
trunk spans a ravine about fifty feet wide forming a natural bridge, 
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as shown in figure 135. The trees seem to have originally fiourished on 
the shores of an inland lake, into which they fell and became water- 
logged. Then they were buried beneath volcanic material of a highly 
siliceous character which underwent alteration through the action of 
water, more silica being set free than the water could hold in solution. 
As the wood decayed, this silica (quartz) was deposited in its cells, 
until finally the woody fiber completely disappeared and what was once 
wood became stone. Because the change took place particle by particle, 
the minutest cells of the wood are preserved and may be seen under 
the microscope. Such silicified wood i.s by far tlie commonest pseudo- 
morph, being found in large quantities in many localities. 

Figure 136 shows a section of a silicified tree found in Oregon, in 
which the structure of the wood is remarkably well preserved. Here 
the mineral is opal instead of quartz. Such opalized wood, or wood- 
opal, abounds in northwestern Nevada and elsewhere. 

Such huge trees as those of the petrified forest are not nearly as at- 
tractive as the charming little ‘‘trees” deposited o!i limestone at Solen- 
hofen, Bavaria, and in other localities, known as deiidrites. from the 
Greek dendrun, a tree. Figure 137 shows one of these. Of great beauty 
also are similar formations in chalcedony, popularly known as “tree- 
agates,” figure 13S, or less correctly, moss-agate. The mineralogist ap- 
propriately names such forms arborescent, the Latin arbor meanintr a 
tree. These differ from the arborescent forms mentioned on page 70 in 
that they are not groups of crv'^tals. 

The beautiful chalcotrichite. mentioned on juige 50. mimics hair-. 
This is a common mimic in a number of other minerals. 

Figure 139 shows a curious mimic of a net. 'Ometimes seen in sheets 
of mica. It is really a crystallization of magnetite, similar in some re- 
spects to the reticulated cerussitc shown in fitrure 97. 

If you keep your eyes open, you will see many other mimics and if 
you use your imagination freely as you iourney through life, you will 
see in minerals pictures, beautiful and interesting, which others will 
pass by. 



Chapter 16 

MARVELOUS CONTACTS OF LIGHT WITH MINERALS 

It was early one summer morning wlien a party of enthusiastic min- 
eral collectors, camping in the high sierras of California, reached the 
summit of a mountain to see the sunrise. A light .shower was falling. 
Suddenly a shout went up as the sun slowly rose above the horizon in 
but slightly veiled splendor. Then another shout, and finally a chorus 
of exultant exclamations as their attention was called to the glorious 
rainbow in the South West. Their leader was not slow to seize the 
opportunity to impress on them that they were witnessing one of the 
contacts of light with the common mineral water in the form of rain 
drops. "What a glorinus mineral water is." he said, then he promised 
that their morning's conference would be on the marvelous contacts of 
liglit with minerals. 

1. TRANSPARENCY 

After returning to camp, they breakfasted and. the morning chores 
being comiileted, assembled around the table, upon which their leader 
had placed a number of mineral specimens. Among them were four 
specimens of nuaitz. but tlicy did not look at all alike. The first was 
a choice ery^cal of eolnrlo'S liuartz. clear as glass. The rays of the sun 
passo'i throiigli it without interruption, even fine print could be read 
throuirh it more readily iliaii we can read ‘‘halite" throiugli the specimen 
shown in figure 140. Tliey were told that a mineral through which 
an object can be di^tinct!y seen, is called truiupare/tt. from the Latin 
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words, trans, through and parere, appear, and that this is but another 
way of saying that light passes through the mineral uninterruptedly. 

The second specimen of quartz, jasper, transmitted no light at all; 
it was opaque, so called from the Latin opacus, darkened. The other 
two varieties of quartz were chalcedony and flint, which they found 
were intermediate between these extremes. Chalcedony transmitted 
light throughout its mass, but not with sufficient ease to permit the out- 
lines of a candle flame to be distinctly seen. Such a mineral, they were 
told, is termed translucent, from the Latin trans, through, and lucere, 
shine. Some rose quartz, they were told, is trausluceTit. see figure 141, 



Figure 141. Translucent Rose Quartz. Stowe, Maine 


while other material i.s nearly upaipie. The flint transmitted mucli less 
light, indeed it was only when they held it up towards the siui that 
they could see a little light through the thinnest edges. Such a mineral 
is said to be semi-translucent. 

Their leader explained further that the many varieties of quartz show 
great ditferences in the readine.'^s with which they transmit liulit and 
he promised further study of this mineral after they returned home. 
He also told them that many minerals which are classed as opaque be- 
come transparent or translucent when very thin. Hematite, for exam- 
ple. though ordinarily perfec-tly opaque in larcre masses, transmits a 
deep red light in very minute and thin crystals or scales, or in very 
thin films between folds of mica. Even uold transmits a ureen liulit 
when in very thin leaves. 

It was their last day in camp, but their delightful contacts with min- 




104 


GETTING ACQUAINTED WITH MINBEALS 


erals in the field aroused their enthusiasm for continuing their study of 
minerals 

2. COLOR 

Two boys, Bob and Dick, were looking at the same crystal of tour- 
maline. Bob was standing with his back to the window, holding the 
crystal in front of him. Dick was facing him on the other side of the 
crystal. Bob said -. “Isn't this a fine, black crystal !” Dick replied, 
“Black! I beg your pardon. It’s green!’’ Both of the.se boys were 
right, yet each was sure the other was wrong. How could that be? 
An older collector came to their rescue and explained that some min- 
erals show one color when looked through, by trnusmittid light and an- 
other Color when looked at, by rcflfcted light. He invited them to see 
his collection and there they saw tourmaline crystals from Pierrepont, 
New York. whii.*h were black by reflected light, and, being opa(iue, the', 
did not transmit any light; while his tourmaline from ilacomb. New 
York, not far away, was Wack by reflected light, but brown by trans 
iiiitted light. He also showed them tourmalines from Brazil which were 
almost black by rt flia-ted light, but a beautiful rose-piiik by transmitted 
light. One of hi^ IMaine tourmalines was black by reflected light and 
deep blue by transmitted lig'ht, while some crystals from South West 
Africa which were black by reflected light, were green by transmitted 
light. AMiat a wonderful variety of colors this mineral exhibits! 

Some minerals not only transmit a different color from that which 
they reflect, but al'O transmit two different colors when the light passes 
tlirough them in (bffei-ont directions. Because the Greek word dichroes 
moans tiuo-cot'o-rd. this projierty of transmitting two colors is called 
dirhro'Siv. If tb.c boys load revolved the crystal they were examining 
liiey would very likely have foui.d that it showed this property of 
dichroisin, but they overlooked it. as so many others do. because they 
did nor realize Icnv much there is to be seen in minerals. 

The Iwight .surface colors of many niinerals are one of their most cap- 
tivating features. Everyone thrills at tlte sigb.t of the lovely rainbow, 
so wdiy lint liave a "rainbow cc.llectinn of minerals." embracing minerals 
carefu’ly seb-i-fesl to shew the rainbow co’ors? Some of the eolors are 
easily sc-nred. others are sc-arce. but the forming of such a collection 
will be an inspiring road to a knowledge of the very fascinating subject 
Ilf color. 

Great differences of color are to be found even in a single mineral, 
as we have .inst seen in tl.e tonrmahne. Azurite may be so dark a blue 
that it is practically black, or it may pass by many gradations into a 
charming sky-blue or “a^uTe blue." Corundum shows a truly marvelous 
variation in color, the variety ruby being deep, rich ruby-red ; sapphire 



CONTACTS OP LIGHT WITH MINEKALS 


105 


IS pink, purple, blue, yellow, green to white, while the coarser kinds 
of corundum are usually gray or brown and the variety emery is black. 

The collector who is alert for specimens of attractive colors, will 
surely have a spectacular collection and, incidentally, he will find new 
pleasure in observing the colors in paintings and fabrics, in butterflies 
and flowers, indeed wherever he goes color will assume a new and de- 
lightfully inspiring influence in his life. 

Many minerals have such characteristic colors that they are well- 
known to buyers of ribbons, silks, and other fabrics; thus there are 
emerald-green, malachite-green, sulphur-yellow, ocher-yellow, amber- 
yellow, sapphire-blue, and so on. The mineral collector will soon find 
that very few minerals are always, or even usually, of uniform colors, 
though at times, color is a valuable aid in identification. 

Care must be exercised not to be led a.stray by placing too ranch re- 
liance in it. Biotite mica is generally black, phlogopite mica is usually 
dark brown, and muscovite mica white, light brown, or green ; but it is 
not safe to depend on these colors as an invariably safe means of deter- 
mining these minerals. There is a pale green biotite at Vesuvius and 
a white phlogopite in northern New York. While in probably nine 
eases out of ten the color of the mii'a will enable us to identify it. the 
tenth case will come sometime, so it is always better to let our deter- 
minations rest on more than one of the physical ]>roperties. 

The color of a metallic mineral is far more uniform than that of a 
non-metallic mineral; therefore, color is a far safer guide in deterraininu 
metallic than non-metallic minerals. Owing to tlie constancy of color 
of the metals, there is a wide use of such terms as golden-yellow, copper- 
red, lead-gray, silver-white. We must observe, however, that while there 
is great uniformity in the fundamental color of tlo'se atid other metals, 
there are many shades due to impurities, e'^pecially in gold ; thus the 
gold from Verespatak, Transylvania, which frequently contains thirty 
per cent or more of silver, is much lighter tha’i pure gold. 

Among non-metallic minerals the terms u-'Cd to describe their colors 
are largely based on the well-known colors, with substance' whose color'^ 
are familiar to everyone used as prefixes; thus a pmre white marble is 
called “snow-white," the common Eiurlisli flint is ‘‘.smoke-gray," black 
tourmaline from Pierrepont and ePcwhere is “velvet black," amethyst 
is “violet-blue." A mineralorrist would never use such a term as “garnet- 
red'’ because he knows that few minera!s vary in color as much as garnet, 
even tlnmgh some shade of red may be more common titan any other 
color. 

It may seem so surprising as to be almo.st incredible tu learn that the 
external colors, as well as those shown by transparent minerals by trans- 
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mitted light, are not really their true colors after all. What then, are 
their essential colors? 

3. STREAK 

The external, or superficial, colors of minerals, which first appeal to 
the eye, are not nearly as important a guide in the determination of 
minerals as the color of the mineral when powdered, which is known as 
its essential color, or streak. This streak is often very different from 
the surface color. While different specimens of a mineral often show 
different superficial colors, its streak varies but little. 

There are several common methods of testing the streak of a mineral ; 
first by crushing it to a powder with a hammer, second by scratching it 
with a knife blade or a file, third by rubbing it on what is known as a 
streak plate. This is usuallj' a piece of unglazed porcelain, with a 
rather rough surface. Streak plates may be purchased at small cost, 
or the little six-sided tiles used for flooring will answer well. Rubbing 
on a streak plate is the most satisfactory method of testing the streak 
of the softer minerals, for in this way the color is preserved on the 
streak plate and can be compared conveniently with that of other min- 
erals whose streaks can be made close to each other. 

^Minerals whose hardness exceeds that of the streak plate, however, 
cannot be tested on it. for instead of leaving their own powder on the 
plate, they will .scratch it and produce the streak of the plate rather 
than their own. The .simplest ways of tcstimr the streak of hard min- 
erals are with a file or by jiowdering them with a hammer. 

Some interesting surprises await us when we test streak. Here are 
some of the results we may expect to secure : 


Xliiit’ral external Color Streak 


Ap-vtite 

P.lue-grcen 

Calcite. blue 

Sky-blue 

'Cliaicopyrite 

Brass-yellow 

Cinnabar 

Grayish-red 

Cuprite 

Cochineal-red 

Fluorite 

Green, purple. 

Galena 

Lead-tmay 

Homatit-, n.iraceous 

Iron-black 

Hematite compact 

.Steel-CTay 

Limonite- 

Park b-own 

Malachite 

Bricht green 

Mancanite 

p'-n-black 

Pyrargyrite 

Black 

Siderite 

Brown 

Talc 

Clr.ry or vreen 

Zincite 

De-^p red 


White 

rChite 

Gretnish-blaok 
Scarlet 
Brownish-red 
bine White 

Lead-irrav 

Brownish-red 

Erownish-red 

Ocher-yellow tc rust brown 
Pale green 
Reildish-bro'o n 
Purplish-red 
ttliite 

White 

Grance-veilow 


It i.s e.-spcciaily iutcre.stim: tr. imtc tiiat all of the above minerals which 
have a metallic- appearance, with the -iinrri^ exception of galena, have 
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a streak very different from the external color and that most of the 
others have a streak which is white, or nearly white. It is quite sur- 
prising to see that fluorite, whose external color varies greatly, some 
specimens being green, others purple or blue, always gives a white streak. 
It is the same with ealcite which gives a white streak even though its 
external color is blue, salmon, yellow, or gray. 

4. LUSTEE 

If we compare galena with transparent cjuartz we shall see that, ir- 
respective of color, it reflects light differently. Probably this property 
is best described as its shine, but mineralogists call it luster. 

It is ver\’ important to understand this property, for most works on 
determinative mineralogy make the decision as to whether a mineral 
has a metallic luster the first .step towai’ds its identification. 

Let us begin our study by carefully examining the surface appear- 
ance of all of the metals we can find — gold, silver, copper, aluminum, 
tin, lead — there are many others. We note that there is a peculiar, 
brilliant shine to every one of them, and though some may be super- 
ficially tarnished, a fresh surface always shows the typical metallic 
luster. We find also that there are many other minerals with this same 
metallic appearance, most of them being compounds of sulphur or. more 
rarely, arsenic or antimony, with metals, or else they are oxides of the 
metals. If you look through a museum whose minerals are arranged 
according to Dana’s “System of ilineralogy.” you will find that there 
are no minerals with metallic luster after passing the oxides, with the 
single exception of the very rare species lanubanito. If you remember 
this fact you will be sure, when you see a mineral with metallic luster, 
that it is not a carbonate, silicate, phosphate or sulphate. Remember 
too that all minerals with metallic luster are opaque. 

The faces of a clear quartz crystal reflect light very differently from 
the metals, though their luster is often equally brilliant. It may be 
impossible to describe the difference, but the eye instantly recognizes 
it and we feel sure that minerals of this character have a non-metallic 
luster. Actual specimens are more essential in the study of luster than 
in any other property of minerals. 

The terms used to describe the various kinds of non-metallic luster 
are all derived from the luster exhibited by well-known objects, such as 
glass, resin, wax. grease, pearls, satin, silk. 

Adamantiyie luster is that peculiar, bright, somewhat oily flash so 
characteristic of diamond. It is natural to associate it with hard min- 
erals and it is possessed to a marked degree by the two hardest of all 
minerals, diamond and corundum, which is sometimes called “adaman- 
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tine spar.’’ Cassiterite and zircon, also hard minerals, show adamantine 
luster, but it is not confined to hard minerals for cerussite and anglesite, 
two quite soft lead minerals have adamantine luster. All six of the 
minerals named have a high index of refraction (page 110) and it has 
been suggested that there is some connection between these two prop- 
erties. 

Yitreous luster is that surface reflection shown ideally by broken glass. 
The name is derived from the Latin word for glass, vitrum. A trans- 
parent quartz crystal is one of the best illustrations, but some of the 
massive varieties of quartz, like flint and jasper, are not vitreous. It 
is probably the commonest of all kinds of non-metallie lusters. 

Resinous, or ivaxy luster is that kind of surface reflection exhibited 
by the fossil resins, copalite and amber. It is also often well shown by 
sphalerite and by sulphur. It grades off into greasy luster, which is 
well shown by some varieties of serpentine, some massive quartz, and 
especially well by elaeolite. 

Pearly luster derives its name from the beautiful sheen (not the play 
of colors I of mother of pearl. This luster is especially common among 
minerals which have a foliated .structure and those which have an ex- 
cellent basal cleavage such as the micas, also heulandite. apophyllite and 
foliated tale. Bronzite has a metallic-pearly luster. 

One of the most beautiful lusters is satiny, or silky. Its best illus- 
tration is satin spar, a fibrous variety of gyp«um, which is extensively 
cut into cheap jewelry and sold at Niagara Falls and other tourist re- 
sorts. Satiny luster is characteristic of fibrous minerals and is beauti- 
fully sliown by the fibrous serpentine, chro'sotile or “asbestos.’’ and also 
by the South African croeidolite. “blue asbestos,” and by its alteration 
into quartz, called “tiger-eye.” 

When a mineral shows no luster it is said to he dull: if soft and easily 
crushed it is earthy. 

Examine all of your specimens and those you <ee elsewhere and record 
what you tliink is the luster of each one: then .-heck up your determina- 
tions with a reliable Textbook. 


DIFFERENCES BETWEEN TRANSPARENCY, COLOR AND LUSTER 

We have been studyinc about three of the contacts of light with min- 
erals. Before passing on to other even more wonderful contacts, let us 
get clearly in our minds the differences between these three properties. 
Transparency is the quantity of light transmitted. 

Color is the kind of light transmitted or reflected. 

Luster is the manner in which light is reflected. 
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5. REFRACTION OF LIGHT 

Refraction. Two sportsmen were fishing from a boat in perfectly 
clear water. Suddenly a water snake swam leisurely across their bow. 
The one who saw it first fired at it with his revolver, aiming directly 
at its head. He was a good shot and was amazed that he missed it. As 
it came to the other side of the boat, the second sportsman fired at it, 
aiming a considerable distance below its head and he hit it. Why! It 
was because he had remembered a well-known fact that when a beam 
of light passes into a denser medium, as from air into water, it is bent, 
its direction becoming more nearly perpendicular. This phenomenon 
is called refraction. Look at figure 142. Suppose a ray of light orig- 
inating at D strikes the surface of the water at A, passes through it and 

o 
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Figure 142 Refraction of Light by Water and Diamond 
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emerges at R. When it strikes the water it is bent, or refracted, towards 
the perpendicular line BAG; when it emerges into the air it is again 
bent, this time away from the perpendicular, and resumes its original 
direction. 

Index of refraction. Rays of light entering a given mineral, say 
diamond, are always bent to exactly the same extent every time, but one 
mineral differs from another in the extent to which it bends the rays. 
These facts often enable the mineralogist to positively determine the 
identity of an unknown mineral by ascertaining the exact extent of this 
bending, which is called its index of refraction. Such exact determina- 
tions involve the use of expensive instruments, which usually are be- 
yond the reach of the beginner, but it is easy to understand the general 
principles of refraction of light by referring again to figure 142. As- 
suming that the distance from N to M is 92, the distance from S to R 
would be 68.9, and dividing 92 by 68.9 gives us 1.335 which is the index 
of refraction of water. If diamond were substituted for water, the ray 
entering at A would be bent much more towards the perpendicular 
BAG, that is in the direction AP. and it would be found that the line 
PQ would measure 38. Dividing 92 by 38 would give 2.42 as the index 
of refraction of diamond. The index of refraction of most minerals is 
in the neighborhood of 1.5.5 and very few exceed diamond. 

Dispersion of light. Another interesting fact in reference to refrac- 
tion of light is tluit rays of light of different colors are bent differently. 
Red rays are beiit less than blue. Mlien. therefore, a beam of white 
light passes into diamond it is split up into the rainbow or prismatic 
colors of which it is composed. Because diamond has hi"h dispersive 
power the colors are .separated widely and we see a broader band of 
rainbow colors than in any other of the well-kno%vn gems. 

Double refraction. It has been found that all transparent minerals 
except those which crystallize in the isometric system or those which 
are amorphous, break up a ray of light passing through them into two 
rays, so that an ohiect ‘^ecn throuch them appears double. In most 
minerals, however, the divergence of these two rays is so slisrht as not 
to be perceptible to the unaided eye. In transparent calcite. often called 
“Iceland spar.” the rays are so widely separated as to make this prop- 
erty. known as double refractwn, very striking, as shown in fisrure 143. 
Do not fail to get a specimen of Iceland spar and prove for yourself that 
you can see two iraaces of atiy objoi't through it where only one object 
exists. One of the notable specimens in the British Museum in London 
i.s a huge crystal of tran.sparent calcite. Iceland spar, about 27 bv 24 bv 
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Figure 143. Double Retraction of Light by Iceland Spar. .Museum of Brookl.vn Institute 


IS inches. A cross has been placed behind the crystal and a surface ha.s 
been cleaved in front, enabliniz the visitor to look through t\teutj-four 
inches of the mineral. hat does he see 1 Not a single cross, but two 
crosses, apparently about three inches apart! 

This subject of the refraction of light becomes more and more fascin- 
ating as it is studied more deeply and it leads on to a later studj of 
polarization of light with the glorious displays of color visible in thin 
sections of rocks when viewed under the petrographic microsi ope. Noth- 
ing more beautiful exists in nature. 

6. ASTERISM 

Another curious cciita.-t of light with minerals owes its name to a 
Greek word, asterisnws, from aster, a star. An inexpensi\e specimen 
which will afford much pleasure to any collector is a thin sheet of 
phlogopite from South Burgess, Ontario, which shows asterism. Hold 
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a sheet of this mica close to the eye and look at a light through it and 
you will see a bright six-rayed star, like figure 144, or possibly two or 
even three stars, though the extra ones will be less distinct. These 
stars are due to the reflection of light from very minute crystals of 
rutile (or possibly tourmaline), symmetrically arranged between the 
layers of mica. 

Another less common, but much more highly prized, instance of 
asterism is the star-sapphire. This is pictured in figure 145. Unlike 
phlogopite, the star sappliire shows its beauty only by reflected light. 
The asterism is due to structural conditions rather than inclusions. 



Fiirures X44, X4<S. Asterism of Fblosopite aad Star Sapphire 





Chapter 17 

“BLACK LIGHT” AND OTHER COLOR PHENOMENA 
1. rLUOEESCENCE 

Fluorescence is one of the most remarkable phenomena in the mineral 
kingdom. It has recently been winning thousands to the love of min- 
erals, because of the introduction of an inexpensive argon-filled bulb, 
figure 146, which can be screwed into any standard electric light socket. 
Many minerals show fluorescence under this bulb. lYhat is this strange 
property 1 



1 1 

Figure 146. Argoti-FilUd Bulb for Showing Fluorescence 

While niinerah exhibit it pri)bably more beaiitifnlly tiian any other 
objects, an under.standintr of it requires a journey into the realm of 
optics. 

When a beam of sunliicht passes thromrh a triangular prism of glass, 
its white light is split up into rays of light of all the colors of the rain- 
bow. This band of colors is known as the solar spectrum. Beyond 
these visible rays, at both ends of the spectrum, there are other rays 
of light, not visible to the human eye, far outnumbering the visible rays. 
These are grouped respectively under two headings, the ultra-violet rays 
and the infra-red rays. It is the ultra-violet rays, popularly called 
‘‘black light,” which produce fluorescence in minerals and other sub- 
stances. 
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When invisible ultra-violet rays fall on certain minerals, the length 
of the waves of light is changed to that of visible rays and these are 
emitted as colored rays of cold light, as long as the mineral is exposed 
to the ultra-violet rays. Fluorescence, then, is the emission of colored 
light rays hy a substance during exposure to ultra-violet rays. 

IMany colors, ranging through the entire spectrum, are produced, but 
these colors vary with the sources of the ultra-violet rays and the char- 
acter of the material exposed to them. Let us see what results we can 
secure with an argon bulb in a perfectly dark room. We screw the 
little 2-watt bulb into a 110 volt A. C. circuit and turn the button. We 
see a violet glow, but this is not what produces fluorescence; it is the 
invisible rays. Hold close to the light a piece of fluorite from Weardale, 
England, which by natural light is green or purple. See ! it glows with 
an indescribably beautiful blue light ! Next we expose a brown fluorite 
from Clay Center, Ohio; it becomes a yellowish-green. Willemite from 
Franklin, N. J. of pale green or yellow color, glows with a bright green 
light. Gray sphalerite from Tsumeb, South West Africa becomes bright, 
golden yellow. Cream-yellow semi-opal from Virgin \'alley, Nevada, 
becomes a charming yellowish-green. Other minerals respond to the 
ultra-violet rays differently. You will find great pleasure in testing all 
of the minerals in your collection. Some of them will show fluorescence ; 
many of them will not. 

It is a safe prediction to make that what you see of fluorescence under 
an argon bulb will cause you to visit a museum in which one of the 
more expensive lamps is installed. There are several well-known types, 
such as the carbon arc, the iron spark-gap and the mercury -vapor are. 
By actual tests it has been found that the new “Nieo” lamp, figure 147, 
is the most efficient This is a menuiry-vapor lamp with the ultra-violet 
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Fiinre 147. “Nioo" Mercury- Vapor Lamp for Showing Flooresernce 



“BLACK LIGHT” AND OTHER PHENOMENA 


il5 


rays given off from a long tube of nickel-cobalt glass. The fluores- 
cence produced by the aid of this lamp has been -well called “the acme 
of beauty.” 

It may occur to you to ■wonder whether fluorescence has any practical 
applications in every-day life. Like most discoveries in science, its use- 
fulness was not appreciated for a long time, but now it is becoming one 
of the best servants in many aetimties. Just to mention a few: By its 
aid counterfeits are detected; changes on cheeks and legal documents 
are revealed ; finger-prints which are invisible by daylight may be seen ; 
wool can be distinguished from cotton and mineral oils from vegetable 
oils ; the presence of even one one-hundredth of one per cent of contam- 
ination in medicinal oil is clearly revealed ; eider vinegar is distinguished 
from acetic acid ; many adulterations of foods and drugs can be detected ; 
beautiful or startling effects are produced on the theatrical stage. 


2. PHOSPHORESCENCE 

Phosphorescence differs from fluorescence in that the emission of light 
continues after the exciting rays have been shut off. For this reason 
if phosphorescent bodies are exposed to sunlight, which is rich in ultra- 
violet rays, and then quicklj’ removed to a dark room, they continue to 
glow. Many minerals and other substances phosphoresce for a long time, 
but as a rule the light quickly fades from sight, though it may be de- 
tected by a photographic plate long afterwards. M’illemite, of certain 
kinds, is brilliantly phosphorescent after exposure to ultra-violet rays; 
30 are certain kinds of calcite and sphalerite. A great many minerals 
p.re phosphorescent, but the property is not noticed because the phos- 
phorescence docs not last uidil the eyes become adjusted to the darkness 
which is essential in order to see it. If the eyes are closed while the 
current is turned on and opened simultaneously with its turning off. 
phosphorescence will be seen much more frequently. 


3. IRIDESCENCE 

Did you ever hear of “rainbows in atones"'? Look over your trans- 
parent specimens and see if you can find one. They are often beauti- 
fully .>hown on the flaws inside of clear cjuartz and calcite. Mineralo- 
gists call such rainbows iridtscence. from the Latin iridis. the rainbou'. 
Iridescence is not. however, always in.side the mineral, but may appear 
on its surface, as sometimes on anthracite, hematite, pyrite. chalcopyrite, 
bornite. It is due to the breakimr up of the white light falling on the 
specimens into the rainbow colors of which it is composed. 
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4. TARNISH 

Tarnish differs from iridescence only in the fact that it is produced 
by the permanent alteration of the surface to a different single color. 
Silver, for example, is often tarnished black, and the copper-red of cop- 
per is changed to black. If, however, several colors are produced on 
the surface by the process of tarnishing, the result is called iridescence 
and not tarnish. If you break a piece of bornite, you will be surprised 
to see that the blue and green surface iridescence, produced by tarnish- 
ing, is very different from the peculiar reddish-brown color of a fresh 
surface. As many minerals show such superficial alteration, it is im- 
portant, when describing the colors of minerals always to examine a 
fresh surface. 

5. PLAY OF COLORS 

Some minerals, notably precious opal, show a play of colors inside 
when the mineral is turned. This is usually due to reflection of light 
from very minute cracks. In the case of diamond and some other cut 
gems, which are noted for their gleaming play of colors, the effect is 
produced by the splitting up of the light and the reflection of the sepa- 
rate colors from the inside surfaces of the facets of the gem. 

6. CHANGE OF COLORS 

Change of colors, also called chatoyancy, from the French, chatoyer, 
to change color, is a remarkable property of a few semi-precious stones 
such as labradoritc, tiger-eye, and cat’s-eye. Take a piece of labrador- 
ite from Labrador and turn it until at a certain angle you see most 
vivid colors flash forth in great sheets. Turn it still further and they 
disappear and the lifeless gray of the mineral takes possession of the 
surfaces which a moment before showed such a gorgeous blue, yellow, 
or red change of colors. The cat's-eye effect is often produced by fibers 
of asbestus or is caused by cavities arranged in parallel position. These 
reflect the light more brightly as it falls on the crj’stals within. 

7. SCHILLER 

( 'ontinue revolving the labradorite until you reach a place at which 
you see beautiful irides>-ent reflections from the surfaces of exceedingly 
minute crv-stals enclo.sed in the mass. The crystals are so verv- small 
that you can scarcely see them, but with a good lens or under the micro- 
scope they are dazzlingly beautiful. Figure 148 shows a specimen of 
sunstone, a variety of feldspar, in which the little enclosed crystals have 
been magnified ten diameters. The dark parts are the crystals which 
oroduce the gorgeous schiller or iridescent reflections. 
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Figure 14S, Sunstone, Norway. MagniGed to Show Enclosed Crystals 
Which Produce Schiller 


8. OPALESCENCE 

Opalescence is a milky reflection from wiiliiii a mineral. The name 
calls attention at once to the existence of this property in the opal, hut 
it seems unfortunate that tlie name is used to describe a niilkiness which 
detracts from the beauty of the noble opal gem instead of being used 
for the play of colors which makes the opal one of the most beautiful 
of all gems. Opalescence is also .shown by a variety id feldspar called 
moonstone. Here again we mii-st he careful not to coiifu'e the milky 
or pearly reflection which constitutes its opalescence with the change of 
colors which is the far more prominent and beautifrd feature of the 
moonstone. In this instance, however, the two properties are generally 
combined in a single specimen, while in fine gem opals the opalescence 
is generally lacking. 

M'e have scarcely more than glanced at the marvelous contacts of light 
with minerals. A great literature has accumulated on this subject as 
the result of the patient investigations of many research workers. There 
is much more still to learn and many applications in every-day life will 
doubtless result from further work in this alluring field. 



Chapter 18 

ELECTRICAL AND MAGNETIC PHENOMENA 
i. ELECTRICITY 

Electrical phenomena among minerals are rarely visible to the be- 
ginner, though ui great interest. Much progress has been made by ad- 
vanced workers in chemistry, physics, and mineralogy in coming to an 
understanding of the manifestations of electrical energy. The most im- 
portant 01 these are connected with the electrons and protons about 
which we studied in chai)ter 4, and the revelations as to the structure 
of the atoms and molecules, when crystals are examined with X-rays. 
The beginner may look forward with anticipation of keen pleasure to 
the day when he will be sufficiently trained in the physical sciences to 
tackle for himself the problems which are now arousing enthusiastic 
study in research laboratories. 

The ability to conduct an electric current is possessed to a marked 
degree liy the metals. It ha' enormously important applications in 
every-day life in such inventions as the telephone, telegraph, radio and 
trolley. Most of the non-metallic minerals are non-conductors of elec- 
tricity. The Use of mica as a non-conductor in telephones and other 
electrical instruments is well known. 

You can ea-ily perform a simple and striking experiment, to show 
the pre'ence of electricity, by rubbing a piece of copalite with a silk 
handkerchief on a clear, dry day. In a few moments it become' elec- 
trified and will pick up tiny bits of n-sue paper, a- shown in figure 149. 
All mineral' become charged with electricity by friction of this kind, 
but few 'how it as distinctly a' copalite and the closely related fo.ssil 
rc'in. amlier. It i' an inTorc'tini: fact that the word elect ncitij is derived 
from the (t!'c( k name :'ni amber, ilel tron. 

2. MAGNETISM 

The property of niaghetlsm has been shrouded with mystery and 
superstition by tlie ignorant from aiwient times. Even today many 
people carry with them a piece of lodestone as a “rheumatism cure’’! 
The explanation of magnetism belongs in the realm of physics rather 
than mineralogy, but the manifestations of the force among minerals are 
worthy of attention. 

The mineral magnetite is the only one which strikingly illustrates the 
property, though platinum and pyrrhotite are slightly magnetic and 
ilmenite, chromite, franklinite. hematite and limorite sometimes show 
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a little response to the magnet. It is possible that this is due, at least 
in some instances, to the presence of magnetite as an impurity. Pyr- 
rhotite, however, is attracted by the magnet to such an extent that it 
has been given the popular name of “magnetic pyrites.” 



Figure 149. Demonstration of Frictional Electricity in Copalite. Zanzibar 


Magnetite is invariably strongly attracted by a magnet, and if you 
are in doubt as to the identity of a black mineral and find that a small 
piece of it will jump to a magnet, you can be sure that it is magnetite. 

An electro-magnet, which consists of an iron magnet through which 
a current of electricity is passing, will attract many minerals not visi- 
bly affected by the ordinar}’ “horse-shoe" or the "bar” magnet, indeed 
all minerals are affected, though in greatly varying degrees, by the force 
when placed between the poles of an electro-magnet. This fact has been 
utilized commercially in the separation of the different ingredients of 
'Unds and concentrates at many mines. Iron compounds are most strong- 
ly affected. 

The most interesting exhibition of magnetism among minerals is in 
the variety of magnetite known as lodestone. This remarkable mineral 
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Fitfure 150. Dentonstration of Polarity of Lodestone 


will not only piek up iiiiail objects of iron or steel, but, when suspendocl 
by a string .«o that it can swing freely, will always come to rest in the 
same position, a certain place being towards the North and another to- 
wards the South, as shown in figure 1-10. Note also that the nails are 
picked up rlficfiy at tliC'e places, which correspond to the North and 



Fisrure 151. Weak Lode»tone Pick* up Iron Filings 
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South poles of a compass. The mineral is, therefore, said to have polar- 
ity. If we bring a compass near to the suspended lodestone, we will 
find that the North pole of its needle will be attracted by the South 
pole of the lodestone, and that the South pole of the needle will be 
drawn to the North pole of the lodestone. 

Lodestone varies greatly in strength. Some of it will pick up fine 
iron filings, figure 151, while other pieces will not only pick up nails 



Figure 152. Strong^ T.odestose Picks up Ten-Penny Nails 
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as hea-vy as ten-penny, but others of these hea-vy nails can he suspended 
from the nearest nails, figure 152. 

While ordinary magnetite is an exceedingly common and widely dis- 
tributed mineral, the variety lodestone is found in comparatively few 
localities, and usually in small quantities. One of the most famous lo- 
calities is Magnet Cove, Arkansas. 



Chapter 19 

WHY MINERALS VARY IN WEIGHT 

If we pick up pieces of galena and quartz of exactly the same size, 
we know instantly that the galena weighs more than the quartz. But 
why ? 

Two conditions determine the relative weights. First the nature of 
the atoms of which the minerals are composed, and second, whether 
these atoms are close together. The atoms of the very heavy metals, 
such as uranium and lead, are very hea\y. Other things being equal, 
the compounds of these metals would be hea-\y. If, however, the atoms 
are widely separated in the compound, it may be light even though 
composed of heavv’ atoms. On the other hand, if the atoms are light, 
but they are densely crowded, the resulting mineral will be heavy. 
Corundum is a remarkable illustration of this, for while it is composed of 
aluminum and oxygen, both light elements, it is a comparatively hea\y 
mineral. 

If we take an empty box in the form of a cube and fasten a single 
shot in each of its eight corners, as sliown in figure 153, even a child 
would know that it would not be nearly as heavy as if we fill it with 
shot, as shown in figure 154. These figures roughly illustrate one rea- 
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figures 153, 154. Differences of Density 


son for the differences in weight of minerals. A mineral in which the 
atoms are crowded, is spoken of as having a high density, while if the 
atoms are far apart, it would be said to have a low density. 

Gravity is that attraction of the earth which tends to draw all bodies 
towards its center. If a body has a high density, this pull of the earth 
towards its center is much stronger than it is if the body has a low 
density. In other words, it is more difficult to lift it. or it is hea-vuer. 
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It will be still heavier if the atoms of one of the elements of which 
it is composed are hea\w. 

It has been found that if a mineral is perfectly pure, the weight of 
two pieces of it of exactly the same size, say cubes of one inch square, 
is exactly the same. By comparing all minerals with water and ascer- 
taining how many times as heary as water the different minerals are. 
the mineralogist is able to record their relative weights, and because thi.s 
is only another way of expre.ssing the relative or specific pull of the 
earth for these different minerals, he calls the property specific gravity. 

Various scientific methods of determining specific gravity have been 
devised. Mineralogists find it of immense service to know just what the 
specific gravity of different minerals is, as they are thus greatly aided 
in distinguishing between them, and no scientific description of a min 
eral is regarded as complete which does not give its specific gravity, 
Vdiile it is not po.ssible to determine it accurately in the field, familiar- 
ity with their relative weights will help us much to distinguish between 
some of the common minerals. For example, if you find a white mineral 
with a good cleavage, it is more apt to be ealeite than anything else, but 
if it is very heavy, it would be much more likely to be barite or corun- 
dum. If its hardno'^s is tested with a piece of corundum and it is deeply 
scratched by it, it could not be corundum and probably would be barite. 

If we were to examine all known minerals, we would find that more 
than half of them are from two to four times as heavy as water, or 
have a specific gravity in-tween 2 and -1. ilany of the metals and 
metallic minernhs and many of tliose minerals which are compounds of 
the heavier metals, have a high specific gravity. On the other hand, 
the number of minerals whose specific gravity is less than water is very 
small. Ice is tlie only one that is common among solids, and it is be- 
cause it is lighter than water that it will float on water. 

The specific gravity* of j)etroleum is less than that of water, so it 
floats on the surfaee of water, fiuure Idd. In this instance all of the 
petroleum is above the surface of the water simply because petroleum 
is a liquid and its particles move freely upward, while in the case of 
the solid ice. ti’.e particles at the lower end are held down by' the upper 
particles of tl.e mas-. 

At lea.st four riftlis of all ,:f the common minerals have a specific grav- 
ity of not over 4. while one third of the total number have a specific 
gravity of 3 or le-.s. As our ideas of comparative weight are uncon- 
sciously based c.ii tliOsc minerals which we handle most frequently, it 
as interesting to note that the three minerals we are most likely to meet 
in the field are of v^ry n-arly the same .sn^oifie gravity. They are: 
common feld-nar 2..‘)7. qnc.rf/ •J.tl.l ai'd i-ab-ite 2.71. If we i-ome across 
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a mineral which seems hea\'j\ it will be because we unconsciously com- 
pare it with these common minerals. It is really surprising how slight 
a difference we can detect. Thus fluorite, whose specific gravity is 3.13, 
seems noticeably heavy if we compare pieces of the same size of fluorite 
and ealcite. Our judgment is very apt to be at fault if the pieces we 



Fijfure 155. FVtroleuni Floating on Water Because Its Specific Gra^i^y i" 

compare are of different sizes. We shall likely think that calcite is 
heavier than fluorite if the piece of calcite is two or three times as large 
as the fluorite. When the specific gravity rises above 4, we are not so 
easily deceived by differences in size and when it is 5 or more, we can 
scarcely make a mistake. 
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WHAT TO DO NEXT 

If you have patiently studied the foregoing pages, it is believed that 
you have acquired a love for minerals and a desire to know much more 
about them. Thus far you have learned about minerals in general. 
What should you do next 1 The following suggestions should be helpful. 

1st. Familiarize yourself with the minerals described in Part II, tak- 
ing up one element at a time and seeking additional information wher- 
ever obtainable. 

2d. Build up a permanent collection of your own bj^ visits to mineral 
localities, by exchanges and by the purchase of specimens carefully 
selected to acquaint j*ou with those about which you are studying. 

3d. Make frequent visits to other collections, especially to those which 
are scientifically classified, and note particularly the characteristics of 
the minerals j'ou are studying. 

4th. Keep in constant touch with other earnest students and collec- 
tors and do all you can to make the meetings of your local mineral club 
interesting and worth while. 

5th. Identify each of your specimens by their physical properties, 
with the aid of Appendix 1. 

6th. As soon as possible take up the study of chemistry and learn 
how to identify minerals by the aid of the blowpipe. Professor Dana’s 
“Minerals, and How to Study Them'’ is an excellent guide. It will aid 
you too in further study of crystals. 

If you adopt these suggestions you will derive inereasine pleasure and 
profit from getting acquainted with minerals. 



PART II 

DESCRIPTIONS OF MINERALS 
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DESCRIPTIONS OF MINERALS 

The minerals described in the following pages have been selected with 
great care as being those with which it is most important for the begin- 
ning student to become acquainted. It is not expected that any attempt 
will be made to commit to memory all of the data here given, nor would 
such a procedure be recommended even to the most industrious student. 
It is hoped, however, that the descriptions will aid in the identification 
of many minerals which may be met in the field and elsewhere and that 
their properties may become more and more familiar and be carefully 
noted on specimens in the student’s own collection. If this be done, 
steady progress will be made in getting acquainted with minerals. 

Some comparatively rare minerals have been briefly described, others 
being scarcely more than mentioned, in order that attention may be 
called to those of commercial importance. It is believed that this in- 
formation will be of value to the prospector, mining man and visitors 
to mining regions. 

It is very unlikely that many readers of this book will be so fortunate 
as to find diamonds in the field, yet the transcendent importance of this 
mineral justifies devoting more space to it than is accorded to many 
much commoner minerals which have no claim to our attention, except 
their abundance. 

It is not usually possible to give brief descriptions of minerals, in- 
cluding the salient facts, and make them interesting. It is often true 
that much of interest can be found by searching for it. It is hoped, 
therefore, that beginners will use the following descriptions as the 
foundations upon which to base quests for the wealth of intere.sting in- 
formation about many minerals and bring this to the meetings of clubs, 
where the enthusiasm of members over minerals will win new converts 
to study this most interesting of all the sciences. 

CLASSIFICATION 

The most scientific classification of minerals is one in which they are 
arranged according to their chemical composition and crystal form. 
This is the plan which has been adopted in practically all public mu- 
seums and in many important private collections. This classification 
is set forth in Dana’s “Syxfcrii of Minerdlogii," wliieh is the standard 
work of reference in the United States and is largely ii^ed all over the 
world. This monumental volume is the work of Professor Edward 
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Salisbury Dana of Yale University, tbe Dean of American mineralogists. 
An excellent college textbook in which this plan of classification is 
used is Dana’s “Textbook of Mineralogy.” 

The beginner in mineral study will find the Dana classification too 
difficult to understand until he acquires a fair knowledge of chemistry, 
crystallography, physics and higher mathematics. It has been thought 
best, therefore, to adopt for this book a classification of minerals based 
on the most important element in their make-up, with these elements 
arranged alphabetically. Those minerals which are of major importance 
as rock-formers are separately grouped at the end. This classification, 
by bringing together the ores of the metals, familiarizes the beginner 
with many sources of wealth about which he sliould be informed, and 
with the important ingredients of the rocks. 

A. MINERALS GROUPED UNDER ELEMENT OF GREATEST 

IMPORTANCE 

ALUMINUM MINERALS 

Aluminum is the most abundant of all the metals in the crust of the 
earth, yet it does not occur in nature uncombined. Until 1SS6. its sepa- 
ration from its ores was attended with so nuich difficulty that the price 
of the metal was exceedingly high. In that year a young college student 
discovered that aluminum could be produced much more cheaply than 
ever before by passing a strong electrical current through a solution of 
its oxide in fused cryolite. If he had not been enough of a mineralogist 
to know of the comparatively rare mineral cryolite, and of its easy 
fusibility, his great discovery would probably never have been made. 

Aluminum is the lightest ami one of the most important of the com- 
monly occurring metals, beiim only a little more than a third as heavy 
as iron. It is being freely predicted in scientific circles that the day 
is near at hand when it will largely replace steel in many industrial 
uses, such as automobiles, trucks and Pullman ears. Already' it has 
largely superseded tin for household utensils, and many small useful 
and ornamental articles are made of it. It is extensively used in air- 
planes and .structural work of various kinds. It will, however, have 
formidable competitors. 

It is a silver-white metal, capable of a high polish. It oxidizes super- 
ficially. like copper, and the outer cnatiug then protects the inner metal 
from further corrosion. Its alloys with copper and with mannesium 
are assuming major importance. Aluminum bronzes have much to com- 
mend them ; they are nearly as hard as steel, can be cast, are beautiful 
and take a high polish. 
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Aluminum Ores. At present bauxite is the only mineral used as an 
ore of aluminum, but it occurs abundantly in a great many other min- 
erals from which it is not so easily separated; of these the most im- 
portant are corundiun, topaz, kaoUnite. Many rock-forming minerals, 
described in that section, are composed in part, of aluminum. 

Bauxite is a hydrous oxide of aluminum, AI 2 O 3 . 2 H 2 O, and contains, 
when pure, about 49% of aluminum. It occurs chiefly in two forms, 
first as a soft, earthy mass, second pisolitic (see page 92). Hardness: 
up to 3. Specific gravity: about 2.5. Ordinarily it contains much iron, 
replacing part of the aluminum, and then it has a red or reddish color, 
while, when pure, it is gray to cream-color, or sometimes brown. Great 
deposits of bauxite occur in the Southern states, and in many foreign 
countries. Its strange name is derived from Baux (Beaux), France, 
one of its well-known localities. 


Corundum, though not used as an ore of aluminum, is an oxide, 
AI 2 O 3 , containing about 535c of tliis metal. It is a mineral with which 
the beginner should early become acquainted, not only because it is 
number 9 in the scale of hardness, page 31, and harder than any other 
mineral except diamond, but also because two of the most expensive 
precious stones, ruby and sapphire, are varieties of corundum. Ruby 
has a rich red color, the best gems being of “pigeon's blood’’ color. 
Paler tints of red or pink are not called ruby, but “pink sapphire.” 
Sapphire includes all of the translucent to transparent kinds of all colors 
except deep red. Typical sappliire, however, is blue. Emery is a gran- 
ular variety rendered black by the admixture of a large quantity of 
magnetite. Ordinary corundum, ''adamantine spar,'' is usually brown 
or gray. 

Crystals are hexagonal, figure 156. sometimes tabular, more commonly 
in long prisms or barrel-shaped, figure 157. Often shows parting or 



Figures 156. 157. Common Forma of Corundum Crystals 
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pseudo-cleavage into nearly cubical rhombs. When compact it is ex- 
ceedingly tough. Luster: usually adamantine. Sometimes shows aster- 
ism, then called star sapphire (page 112). Ruby often shows magnifi- 
cent crimson fluorescence under ultra-violet rays. Specific gravity: 
about 4., remarkably high for a compound of two light elements (see 
page 123). 

Uses: valuable as an abrasive, but largely supplanted by carborun- 
dum, an artificial compound of carbon and silicon. When richly colored, 
highly prized as a gem. 

Occurrence: The Orient, chiefly Burma, Ceylon and Siam, yields 
most of the best gems. IMontana has produced some fine sapphires and 
many light-colored stones. Ordinary corundum abounds in North 
Carolina, Georgia. Canada and the Transvaal. Emery comes chiefly from 
Greece and Turkey; it was formerly mined at Chester, Massachusetts. 

Topaz belongs to the great group of silicates, but in addition to 
silicon, oxygen and aluminum, a considerable quantity of fluorine is 
present, so that it is regarded as a “fluo-silicate of aluminum,” its form- 
ula being (AlF)oSi 04 . 

It is not a common mineral, but in places where it does occur it is 
fairly abundant, usually in good orthorhombic crystals of prismatic de- 
velopment, figures 15S-160, terminated by steep or flat faces, sometimes 
beautifully etched, figure 160. 



iignre*< < onimon I'orni’' 



Figure 160 
t»f Topaz Crystals 


Its pertfi-t and its lack of cleavage in other directions, 

serve to distmgu;.-.!; ;t from feldspar and other minerals which it some- 
times re'ciijliiL-. liiin j'lare.s can be clea^^l from crj’stals. 

It is further distinguished by its great hardness, it being number 8 in 
the scale of hardness, page 31, so that it will scratch all common minerals 
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except corundum. IMassive topaz, such as is found at Trumbull, Con- 
necticut, is apt to be softer. 

Its commonest color is white, or colorless, but often it is faintly tinted 
blue. Rich blue crystals of large size are found in Siberia, also mag- 
nificent transparent, brown crystals, this locality" yielding specimens 
which rank among the finest of all mineral specimens. The “preciou.s 
topaz” of Brazil, figure 159, is wine-yellow. It is sometimes altered to a 
delicate pink by heating. Some of the largest crj'stals known come 
from Brazil, but these are colorless or slightly tinted blue. Other local- 
ities yielding fine crystals of smaller sizes are Madagascar, Japan, Ni- 
geria, Mexico, Maine, Colorado and Utah. 

Its luster is vitreous and in rolled pebbles it is difficult to distinguish 
it from quartz without testing its hardness or cleavage. It is con- 
siderably heavier than quartz, its specific gravity being about 3.5. 

Uses: If it were available in commercial quantities it would be a 
valuable abrasive. Mlieu trar.sparent. it yields fine gems. 

Kaolinite, china-clay, is a hydrous aluminum silicate. H 4 Aloisi^Oo. 

Hardness: 2. to 2. .5. Specific gravity: about 2.6. 

Form: Crystals of kaolinite are rarely seen and are almost micro- 
scopic, six-sided plates belonging to the monoelinie system. Ordinarily 
this mim.u’al is found as a white, earthy mass, easily crushed and soiling 
the fingers. 

Occurrence: Kaolinite is always tiie re.sult of the alteration or 
weathering of feldspar. AYhen water and the carbon dioxide of the air 
act on common feldspar it loses its laster. its cleavage disappears, it 
becomes soft and mealy. Wliat has happened ? The potassium unites 
with the carbon dioxide to form potassium carbonate, which, being 
soluble in water, is readily carried away by rains. The water com- 
bines wi:li the aluminum and part of the silica to form kaolinite. while 
the remtinder of the silica becomes quartz. This quartz often remains 
mixed with the kaolinite so that before it can be used it must be washed. 
The kaolinite thus formed may remain where it originally was nr be 
transported by running water to the beds of streams, lakes or the ocean 
and there, mixed with various impurities, it is deposited in the quiet 
waters, finally becoming consolidated into clay. 

Uses: Clay is plastic, when wet. and th.us it is easily molded into 
bricks, roofing tiles, drain pipes, crockery, stoneware, and other objects 
These are then baked in kiliis to dry and liarden them. The better 
grades of china and porcelain are made from pure kaolinite. feldspar 
and quartz. The chief use of clay i=, for fire bricks; much is also used 
as a paper filler. 
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Kyanite, an aluminum silicate, AGSiOs, has the same composition 
as two other minerals, andalusite and sillimanite. It occurs in thin, 
bladed crystals, usually in mica-schist. It is a remarkable illustration 
of the variation of hardness on different faces of the crystal, for on the 
broad sides the hardness is 5, while on the narrow faces it is over 7, 
harder than quartz. Specific gravity is about 3.6. 

The name is from the Greek, kyanos, blue, alluding to its usual sky- 
blue color, which is often confined to the center of the blades, while the 
edges are colorless or white; green cyanite is also not uncommon. Luster 
is vitreous on the edges, often pearly on the flat sides. 

Cleavage is easy parallel to the flat sides and somewhat more difficult 
parallel to the edges, while the blades are often apparently chopped off 
at the ends, producing a form which reveals the triclinic form of the 
erj'stals. 

Kyanite sometimes is transparent and if it is at the same time of deep, 
rich-blue color, gems resembling blue sapphire may he cut from it. 

Occurrence : It occurs plentifully in many localities, especially fine 
specimens being found in Switzerland and Nortli Carolina. 

Use; Kj-anite has been used in the production of refractory materials. 

Andalusite, another aluminum silicate, Al2SiOr,. is remarkable for 
the regular arrangement of carbonaceous impurities inside the rough, 
rounded crystals of the variety chiastolite. Tliis is shown in figure 161. 



As the mineral collector usually thinks of andalusite as a rough, ugly 
mineral, it i' interesting to know that it occasionally occurs perfectly 
transparent and is cut into handsome, brown gems, with hardness: 7.0; 
specific gravity: 3,2. The massive mineral from California has recently 
been used in making .spark plugs. 

Sillimanite, a third aluminum silicate, AloSiO;, has also been used 
in making spark plugs. It is msually in fibrous to columnar-ma.s.sive 
forms, of dull brown or gray co-or and sometimes forms the major part 
of schistose rocks. Its hardness is 6 to 7 : .< peri fa: gravity: about 3.24. 

Dumortierite is a boro-silicate of aluminum, whose exact formula is 
in doubt. It may be S A]203.B203.6Si02-H20. 

Its hardness is 7 ; specific gravity: about 3.30; luster: \*itreous. 

It is usually in masses made up of fibers, or in columnar forms, some- 
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times developing into distinct, elongated, orthorhombic crystals, having 
a bright blue color, while in the fibrous form, a lavender to gray color 
is more common. 

When fir,st found, in France, in 1881, it was regarded as a rare 
mineral. Later it was discovered at the Harlem Speedway, New York 
City, then in Arizona, California and other localities, until now it is 
considered a fairly common mineral. Finally large deposits were found 
in Nevada and it was mined by the carload for the manufacture of spark 
plugs. 

Spinel is an oxide of aluminum and magnesium, MgA ]2 04 . Hard- 
ness: 8, exceeded by but few minerals; specific gravity: about 4.0. 

Crystals: isometric, usually in octahedrons, sometimes twinned, figure 
103, and often modified by the dodecahedron, figure 162, and occasionally 
the trapezohedron. Very rare in any other forms. 



figure 162. A Common Form of Spine! Crystals 

While a careless observer might see spinel but rarely, a trained eye 
will find it frequently in many rocks in minute black crystals, dis- 
tinguished from magnetite by not being magnetic. It is especially 
plentiful in the limestone region of Orange County. New York and Sus- 
sex County, New Jersey. Fine crystals occur in Canada, and very bright 
little octahedrons may frequently be found in the masses ejected from 
Vesuvius. The most important localities, however, are in Ceylon, India, 
and Siam, for here occur the beautiful ruby spinel, the deep blue, 
purple, lilac, green, yellow, and other attractive colors, and as they are 
often transparent, truly magnificent gems are obtained, sometimes rival- 
ing the true ruby. 

Chrysoberyl is a rare compound of aluminum and beryllium oxides, 
BeAl 2 04 . It is one of the very hardest of minerals: 8.5,. being inferior 
only to corundum and diamond. Because it is also found transparent 
and is rare, it is prized as a gem stone. The best gems are of a golden 
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yellow color, whence its name, from the Greek words chrysos, golden and 
heryllos, berjd. The variety, alexandrite, figure 163, from Siberia or 
Ceylon, which has a grayish-emerald green color by natural light, has 
the remarkable property of appearing a peculiar “columbine red” by 
artificial light. It is one of the most expensive of all gems. 


Figure 163. 



Chrysoberyl. variety Ale.vandrite 


Ordinaiy chrysoberyl. siieli as is found in Maine, at Iladdam, Con- 
necticut, and elsewhere, is usually of a yellow color, but rather dull. 
Specific gravity; about 3.7. 

Chrysoberyl crystnl^i are orthorhombic and tabular and are frequently 
twinned and striated. 

Pyxophyllite is a hydrous aluminum silicate. HoAL (Si 03 ) 4 . 

It is soft, its hardness ranging from 1 to 2. Specific gravity: 2.85. 

It is distinguished by its radiated-lamellar structure and the ease 
with which small fragments will exfoliate or spread out into fan-shaped 
forms, several times as large as the original, when heated in a flame. 
There is, however, a massive variety which does not have these char- 
acteristics and can only be distimruislied from massive tale by chemical 
te.sts. This has the same uses as talc. 

The most common cotor is yellowidi-white to broumish-white, but at 
Zermatt, Switzerland, there is a charming green variety. Badin, North 
Carolina yields brautiful material, as also Craves Mountain. Georgia and 
IMariposa County. California. 

Turquois is a hydrous jihosphate of aluminum and copper, possibly 
Cu0.3AL03.2Po0-.9H,0. 

It is almost always in thin seams and irregular masses; opaque, with 
color bright robin ’s-eng blue, or brinht irreen to nreenish-oray. Its 
hardness is 5 to 6 ; spec fir gravity: about 2.7. 

It was known and used by tl'.e am-i^nts as a semi-precious stone, their 
material largely coming from Persia. The IMexiear.s and Indians de- 
rived their supply from the old mines near Satita Fe, New ^Mexico. Fine 
material also occurs elsewhere in New IMexieo and Arizona. 

The name is derived from the Fren-li name of Turkey, throutrh which 
'■ountrv- t’na merchants brought their supplies. 
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ANTIMONY MINERALS 

Antimony is classified, chemically, as a semi-metal, because of certain 
compounds it forms and also because it is a poor conductor of heat and 
electricity. It has, however, a brilliant metallic luster and is opaque. 
It is not much lighter than iron, its specific gravity being 6.7. Its most 
important uses are for automobile bearings and in making the alloy 
known as type-metal, for which it is invaluable owing to its peculiar 
property of expanding on cooling. 

Native Antimony is a rare mineral, found in this country in nodules 
in Kern County, California, and at but few foreign localities. 

Stibnite is a sulphide of antimony, SboSo. Its hardness is only 2, so 
that it may be scratched with the finger nail and it will soil paper. 
Specific gravity: about 4.6. 

Its luster is metallic, and on fresh surfaces unusually brilliant; color: 
bluish-gray, but it becomes dull by tarnishing. 

Its usual occurrence is in bladed masses, though elongated orthorhom- 
bic crystals are not uncommon. These are often clustered irregularly, 
or in radiating groups, figure 11.'^. Crystals are commonly half an inch 
to an inch in length, but magnificent crystals and groups were found 
many years ago in Japan with individual crystals IS inches or more 
in length, and it is not unusual to see Japanese stibnite crystals of thre^ 
to eight inches in length. Very fine specimens of much smaller sizes 
have also come from near Hollister. California, figure 164. and splendid 



Figure? 1S4. Stibnite, near llolli-ter. ( alifornia 


groups from Ruumauia. The eonuiiereiai supply, however, comes largely 
from China. 

The cleavage of stilmite is very perfect parallel to one of the vertical 
faces of the crystals. It is thus distinguished from galena. 

Another distinguishing property, which would be overlooked by a col- 
lector who only looks at his specimens, is the ease with which stibnite 
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fuses, its fusibility being taken as number 1 in the scale of fusibility. 
Try holding a small fragment in any flame and see how quickly it melts. 

Stibnite is much the commonest and most important ore of antimony. 

Other Antimony Minerals. Considerable deposits of oxidized an- 
timony ores occur in Algeria, chiefly the minerals valentinite, senarmon- 
tite, and cervantite. These are found elsewhere in limited quantities. 

Antimony is also an essential part of at least fifty other minerals, 
including such valuable or important species as bournonite, pyrargyrite, 
tetrahedrife, stephanite, polybasite and bindheimite. 

ARSENIC MINERALS 

Arsenic is closely related to antimony in its chemical reactions and 
is classed as a semi-metal. Its luster is not nearly so brilliant as that of 
antimony, and it is considerably lighter, specific gravity being 5.7. Its 
most important use is in hardening certain alloys. Its oxide, popularly 
called ’‘arsenic,” is a white powder, and is used in enormous cpiantities as 
an insecticide, weed killer, preservative of bird skins and furs and in 
making enamels and opaque glass. Calcium arsenate is extensively 
used in combating the boll weevil, and Paris green in fighting potato 
bugs. 

Native arsenic is quite rare and there are no important occurrences 
in the United States, Its luster is metallic ; color: tin-white, but it quick- 
ly tarnishes to a dull gray. It is usually granular with a mammillary 
or botryoidal form. 

Ores of arsenic are realgar, orpiment, and arsenopyrite. 

Realgar is one of the arsenic sulphides, AsS. Its hardness is only 
1.-5 to 2; specific gravity: 3. .56. It is said to be sectile (see page 36), 
but you will certainly find crystals brittle. Its gorgeous red color makes 
it couspicuuus in any collection, but beware of leaving it exposed to the 
light, for it will .soon change to a yellow powder. Its luster is resinous. 
Its crystals are ninnoclinic. The best come from Roumania, but most 
beautiful specimens occur in Nevada and elsewhere in the Western 
states. 

Orpiment is another arsenic sulphide, A.S 2 S 3 . Its hardness is 1.5 to 
2; specific gravity: 3.45. It is quite sectile (see page 36) in thin 
cleavages. Crystals are monoelinic. but rare. It is generally found in 
crystalline ma.sses. often. a.s at ^Manhattan, Nevada, associated with 
realgar, the combination of the red realgar with the bright lemon- 
yellow to orange orpiment being most pleasing. 
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It has an easy cleavage parallel to one of the side faces of the crystal 
and can often be split into thin leaves which may be bent at will. The 
luster uii the cleavage face is pearly, but elsewhere it is resinous. 

Arsenopyrite, also called mispickel, or arsenical pyrites, is a com- 
pound of iron with sulphur and arsenic, technically known as iron 
sulpharsenide, FeAsS. 

It has a hardness of nearly 6, and a specific gravity of about 6. 

Luster is metallic. Color: grayish, silver-white. Streak: dark grayish- 
black. Opaque. 

It forms orthorhombic crystals of very characteristic wedge-shaped 
forms, as at Freiberg in Saxony, and Sulitjelma in Norway; but it is 
usually massive. 

It is the chief ore of arsenic and occurs in a great many localities. 
One of the most important occurrences is at Deloro, Ontario, where it 
is gold-bearing. 

It may be distinguished from pyrite by its whiter color and the fact 
that when rubbed vigorously or heated it gives off a garlic odor 
(poisonous). 

Other arsenic minerals. There are many other minerals in which 
arsenic is an essential constitutent. It is often combined with sulphur 
and a metal, as in proustite, or with oxygen and a metal in the im- 
portant group of arsenates, of which mimetite, oHvenite and other copper 
arsenates and erijthrite are illustrations. 

BARIUM MINERALS 

There are but two important barium minerals, barite and witherite. 

Barite, or “heavy spar,” is barium sulphate. BaS 04 . Its most promi- 
nent characteristic is its specific gravity. 4.5. which is much above the 
average of nonmetallic minerals and serves to distinguish it at once from 
marble or dolomite which its granular form sometimes suggests. 

It forms orthorhombic crystals of many different types, figures 44, 47, 
165, 166. but they are usually tabular. 

! \ 

!“> 

y- 

Fiirures 165, 166. Common Forms of Barite Crystals 

It has perfect cleavage parallel to the base and the prism, thus form- 
ing cleavage rhombs not unlike those of caleite, but different in angle. 
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Fracture: uneven. Tenacity: brittle. 

Hardness: 2.5 to 3.5. Luster: vitreous. 

Color: colorless to white, yellow, blue, green. Streak: white. 

Transparent to translucent in erj'stals; masses, opaque. 

Occurrence: It is a common and widely distributed mineral, often 
found in veins in limestone and also as a gangue mineral in metallic 
veins. Commercial deposits are numerous. P’amous specimen localities 
are in the Frizington region. North of England, figures 167, 16S, also in 



t'ltfure 167. 15arit«» <»n Dolomite. FrDington, Cumberland, Fngiland 


Rouiiiania and otlier Euro})ean localities, at Cheshire. Connecticut and 
in South Carolina. Beautiful brown, stalaetitie barite comes from 
Derby .-shire, England, figure 169. 
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Uses: Its chief use is as a pigment, but it has many applications in 
chemistrj', and is of great importance in the refining of sugar. 



Figure 169. Barite, Cross Section ol Stalactite, Newhaven. Derh\>birr. J nglanj 

Witherite is barium carbonate. BaCOs. It is a comparati\ ely rare 
mineral, with hardness: 3.5; specific gravit;/: 4.3; color; white. Usually 
in crystals of pseudo-he.xagonal form, with pyramids piling iip one on 
top of another, figure 170. Its best locality is at Hexham in the North 
of England. 



Figure 170. V\ itberite, a Form C omiaoa in Fnglanil 
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BERYLLIUM MINERALS 

Beryllium (also called Glucinum) is a silver -white metal with a 
specific gravity of only 1.9, considerably lighter than aluminum, whose 
specific gravity is 2.6. With the exception of lithium, it is the lightest of 
all the metals, and for this reason much experimentation has been made 
to utilize it in airplanes. 

Beryl, the only common beryllium mineral, is a beryllium-aluminum 
silicate, BesAL.SiijOis. Its hardne.ss is 7.5 to 8, exceeded by only three 
other minerals. Specific gravity: 2.70. 

Form : Almo.st always it is found in simple hexagonal prisms, figures 
171, 173, but magnificent specimens are to be seen in large collections 
with one or more pyramidal faces, figure 172, replacing the usual flat 
termination. 



Figure 171, 172, Common Form'* of Berj I Cr>*‘tals 

Its clcavngr is not distinct. Fracture: usually conchoidal or uneven. 

Tenacity: brittle. 

Streak: white, but owing to its great hardness not obtainable with a 
streak plate, but only by powdering. Transparent to nearly oparpie. 
Luster: vitreous to greasy. Color varies greatly and leads to the separa- 
tion of important varietie.s. Conimon beryl is usually pale green, but 
may be colorle.ss or white. Aquamarine, as its name implies, is the color 
of sea-water, which varies from bluish-trreen to gree.nish blue. It is 
customary, however, to include all shades of blue under aquamarine and 
also all greens except the deep, rich green of the variety called emerald, 
whose color is due to the presence of a small percentage of chromium. 
There is also the beautiful golden beryl, of various .shades of yellow, and 
pink beryl, which has been called rnorganite. 

Occurrence : The chara'-teristic mother-rock of beryl is petrmatite. 
figure 173. or less commonly mica-schist. Common ben,'l is found in 
crj’stals of enormous size ; one in the museum of the Boston Society of 
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Natural History measures 40 inches in diameter and is 42 inches high, 
and e%’en this is only a piece of a crystal originally nine feet long. An 
emerald found in North Carolina was nine inches long and even largei- 
crystals have been found in the Russian mines. In Brazil aquamarines 
have been found of mammoth sizes. 



Figures 173. Ueryl Crystals in Pegmatite, Topoham, Maine 


I'ses: Emerald is the most valuable of all gems and is oue of the 
four preciuus stunes. The beautiful morgaiiite is much rarer, though 
not so hig'lily prized. Golden Beryl getiis are quite popular, but are 
not abundant. 

Beryl is dutinguishid from apatite, whicli it often much resembles, 
by its great hardness. 

Other beryllium minerals. While there are no common beryllium 
minerals except beryl, several species are worthy of mention. 

Chrysoberyl, which contains about 20G: of beryllium oxide, is de- 
scribed on page 135. 
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PhenaCite is a beryllium silicate, Be 2 Si 04 , containing 45.55% of 
beryllium oxide. It has a hardness of 7.5 to 8, equal to that of beryl ; 
specific gravity: 3. It is colorless and often transparent , in which case 
it yields gems of considerable beauty, the finest coming from the Urals. 
The crystals belong to the rhombohedral division of the hexagonal 
system and are often lenticular in shape. The most prolific American 
localities are in Colorado, figure 174. but the crystals are small com- 
pared with those of the Urals and Norway. 



figure 174. Phenacite, a Common Form at Mount Antero, Coloradr 


Bertrandite, a hydrous beryllium silicate, is sometimes associated 
with phenacite. 

Gadolinite is a beryllium-iron-yttrium silicate. 

Some fifteen other rare beryllium minerals are known. 

BORON MINERALS 

Boron: The element Boron is not found free in nature and has no 
practical applications. It is. however, present in the common mineral, 
touriualine , and a considerable number of other less abundant minerals 
and some of its compounds are of great economic importance. 

Sassolite is the name given to the naturally occurring boric acid, 
HsBOs, extensively used as an eye wash. It is a rare mineral, found 
in tiny white scales in the lagoons of Tuscany, Italy. 

The Borates include a group of about thirty minerals, mostly quite 
rare, in which boron and oxygen are combined with one or more metals, 
and .sometimes with considerable water. Several of them are abundant 
in certain loca'itie.s. especially in California an.d Nevada and are worthy 
of the beginner's attentio)! owing to the great importance of borax in 
everyday life. 

Borax, hydrous sodium borate, Na 2 B 407 . 10 H; 0 , is better known in 
the laundry and to the chemist than t-', mineral collectors. It occurs, 
however, in considerable abundance dissolved in the waters of certain 



DESCEIPTIONS OF MINEEALS 


145 


alkaline lakes, whose gradual evaporation causes it to separate out as 
white, monoclinic crystals, figure 175, having forms similar to those of 
pyroxene. It is soluble in water. 



Colemanite, liydrous calcium borate. ^ .fiH-jO. for many 

years was the most important source of borax. JlardiKss: 4 to 4.5. 
Specific gravity; 2.42. Cleavage: distinct in two directions. Tenacity: 
brittle. Color; yellowish or milk-white to colorless. Ludtr: vitreous in 
crystals, almost dull in massive form. Streak: white. Transparoit to 
nearly opaque. Form: monoclinic. Usually in groups of beautiful pris- 
matic crystals, i to f inch, sometimes much larger, often lining geodes 
in the massive mineral. Occurrence : known only in the borax deposits 
of California and Nevada. 

Ulexite, hydrous calcium-sodium borate, CaNaBjOn.SH^O, is a fair- 
ly common associate of other borax minerals, not only in the Pacific 
Coa.st borax region, but aUo in Chile. Arcentina. Nova Scotia and else- 
where It is usually in masses of fine, soft, white, silky fibers. 

Kernite, hydrous sodium In'trate, Na-B 407 . 411^0. was entirely un- 
known until 1026. when it was accidentally discovered in drillintr a well 
in Kern County. California. A vast deposit of the mineral has been 
found and it is now the princijial source of borax. The mineral is 
soluble in water and by simply evajioratimr the .solution borax crystallizes 
out. Eef erring to the formulas of the.se two minerals above, it will he 
noted that the only chemical clitiereuce between them is that Imrax has 
ten molecules of water and kernit,- l:as four. The weicrlit of the borax 
'Ocured is thirty-nine per eer.t oreater than the kernite dissolved. 

Hardness: 3. Specific gravity: Tenacifu: brittle. 

Form: monoclinic, but usually in fibrous masses showing excellent 



146 


GETTING ACQUAINTED WITH MINEEALS 


cleavage. Luster: vitreous to pearly. Transparent to translucent. 
Color: white to colorless. 

The white coating which is frequently seen on kernite and which forms 
the decomposition product of borax is the mineral tincalconiie, another 
sodium borate, with five molecules of water. 

Every collector should visit the California borax region, if possible. 

CALCIUM. MINERALS 

Metallic calcium has no important uses in the arts and is rarelj"- seen 
except as a chemical curiosity, but its compounds are of transcendent 
importance, including three of the minerals in the scale of hardness, 
calcite, fluorite, and apatite; and also aragonite, gypsum, anhydrite, and 
other important minerals, while dolomite contains both calcium and 
magnesium. It is also a common ingredient in many rock-forming 
minerals. 

Calcite is calcium carbonate, CaCOs. It is by far the most important 
calcium mineral. When pure it is colorless and transparent. Clear 
calcite, called Iceland .spar, exhibits remarkable douhle refract'on, as 
shown in figure 143. and explained on page 110. 

Another striking property of calcite is very perfect rhorabohedral 
cleavage, figures 109, 110, noted on page 78. While it has a conchoidal 
fracture, it is rarely seen owing to the ease with which the mineral 
cleaves. 

It is number 3 in the sc<de of hardness, page 31. and has a specific 
gravity of about 2.72. 

Calcite crystals are classified in the rhomboliedral division of the 
hexagonal system (see page .54''. They occur in an almost endless 
variety of forms and combinations, more faces liaving been described 
on calcite crystals than on any other mineral, literally hundreds of 
them. Simple rhombohedrons. figure 176, such as are yielded by cleav- 
ing any type of ciy^tal ''see page 7S''. are rare in natural crystals. The 





Fifures 176-17S, TypiooU Forma of Caleite Crystals 



DESCKIPTIONS OP MINEEALS 


147 


flat rhombohedron e, figure 62, with prism m, is shown in figures 177, 
178. One of the commonest forms of calcite crystals, the scalenohedron, 
was described on page 55. The scalenohedron, combined with the prism, 
and rhombohedron e, is shown in figures 66 and 179. Is it not wonder- 



Figure 179. Calcite, Group of Crystals, Bigrigg Mine, Cumberland, England 


ful that no matter how complex a calcite crystal may be there are never 
any other fundamental forms present except rhombohedrons, scalen- 
ohedrons, pyramids, prisms and the base. Twins (see page 72 1 of 
calcite are often of great beauty and are not uncommon. Figure 182 
shows one from Egremont, England. 

While calcite is abundant in crystals, it is much more plentiful in 
other forms, and there are many of them. By far the most important 
variety is limestone of which there are several strikingly different types. 
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Coquina, found so abundantly near Saint Augustine, Florida, that it is 
available as a building stone, is one of the most instructive of the 
varieties It is little more than a mass of fossilized shells. The 'pearly 
shell limestone of the canyon at Rochester, New York is a harder, more 



Figure ISO. laltite, Golden Crystal, near Jovlio, Mis-^oiiri 


euuipact luiic'^tunf. Mo't limestone.-- are made u;i of the more completely 
altered remains nf corals. crinoiJs. and other lime-.seeretiiig. 

marine life. The-e t;e._-umi;late in layers or ‘’strata" on the ocean bottom 
and are slowly cemented into a solid rock. Layer by layer, they are built 
up through millions of years into great beds hundreds of feet thick. 
Such rocks, composed largely' of calcium carbonate, but often with 
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impurities of silica or clay, form great mountain ranges in many parts 
of the world. 

When subjected to heat and pressure, common limestones are changed 
or “metamorphosed” into crystalline limestone, called inarhle. Or, it 



Figure 181. Calcite, Tabular-Hexagonal Crystals, Andreasberg, Harz, Germany 
Figore 182, Calcite Twin, Egremont, Cumberland, England 


may be, they are slowly dissolved by water carrying carbon dioxide and 
redeposited in caves, figure 132. in icicle-like forms, called stalactites 
and stalagmites. When redeposited by streams or springs in large 
quantities travertine results, or, if in smaller quantities coating leaves. 



150 


GETTING ACQUAINTED WITH MINERALS 


twigs or moss, calc tufa is produced. The study of these formations is 
wonderfully interesting. 

Another curious type of calcite, oolite, figures 127, 128, is described 
on page 93. It occurs in great beds in England, Indiana, and other sec- 
tions, and is one of the most important building stones. 

Chalk is a soft, white, compact limestone composed largely of the 
shells of minute, marine organisms. Do not confuse true chalk with the 
so-called chalk of the class room which is made of gypsum. 

There are many other varities of calcite, some of which you are quite 
likely to meet on your hikes and there is much to be learned about them. 
You could have a large collection of nothing but calcite specimens, for the 
variety and beauty of the crj'stals and of other types, as well as the 
sho^y polished marbles, are almost beyond belief. Calcite is certainly 
a charming mineral. 

Chemically, calcite is calcium carbonate CaCOg. A drop of acid will 
cause any variety to fizz, due to the liberation of the carbon dioxide. 
You can distinguish calcite from felcLpar instantly by this simple test 
and then confirm it by testing the hardness, calcite being 3, while feld- 
spar is 6. 

Aragonite has the same chemical composition as calcite, calcium 
carbonate. CaCOs, but crystallizes in the orthorhombic system instead of 
the rliombohedral. 

Its hardness is 3.5 to 4, while calcite is 3, and its specific gravity is 
somewhat higher, 2.9 instead of 2.7. 

It is usually quite different in form, though at times it is difficult to 
distinguish between them at sight. If the specimen under consideration 
.shows rliombohedral cleavage it is certainly not aragonite, for it has 
no cleavage. It frequently forms in transparent, spire-shaped crystals 
and these sometimes are found on the outside of calcite stalactites. At 
Frizington, England beautiful groups of spire-shaped cry.stals occur, 
figure 1S3 ; twin crystals much resembling hexagonal prisms are found 
in the Pyrenees ^Mountains, while magnificent groups of large, colorless 
crystals occur in Sicily and Czechoslovakia, 

Flos-Ferri, ‘‘flower of iron,” picturesquely so named because of its 
occurrence in some iron mines, is shown in figure 124, It often is in 
masses made up of interlacing stems of snow-white color, which are 
tj’pical illustrations of the so-called coralloidal form, (see page 92 1 . 
The best material is from Austria. 

Aragonite is frequently found in more or less radiated, coarse-fibrous 
to columnar masses, sometimes colored blue by auriehalcite, as near 
Tucson. Arizona. 
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Fluorite is calcium fluoride, CaPo. It is a very interesting mineral 
from several standpoints. We have already made its acquaintance as 
numher 4 in the scale of hardness (page 31), and we have seen that it 
has very well developed octahedral cleavage (page 781. 



V- 


Tignre 1S3. Aragonite, Radiating Crystals, Frizlngton, Cumberland, England 

Chemically, fluorite is of interest because it shows us a point in refer- 
ence to the electron theory (page 21 1 which we have not yet noticed. 
Fluorite is a compound of calcium and fluorine; calcium has two free 
electrons in the fourth ring; fluorine has .seven in the second ring. We 
have seen (page 25) that the atoms of such elements respectively part 
with their free electrons and borrow or take on electrons from other 
atoms. In this case the calcium atom has two to give, but fluorine wants 
but one ; therefore, it is necessary for there to be two fluorine atoms in 
order to use the two free electrons of a single calcium atom. The 
formula of fluorite thus becomes CaF-. and the atoms of the metal 
calcium unite with those of the gas fluorine to form the beautiful non- 
metallic mineral, fluorite, which adorns so many collections. 

Another property of fluorite, which is so notable that the mineral has 
given its name to the property, is fluo-rescence. This is explained on page 
113. Some fluorite also shows phosphorescence (see page 115\ The 
exhibition of these properties by fluorite is often very striking. 
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Its specific gravity is 3.18. 

The name, fluorite, is derived from the Latin fluere, flow or flux, be- 
cause it aids other minerals to become liquid. Because of this fact the 
mineral is extensively employed as a flux in open hearth furnaces. It 
is also of great importance in making hydrofluoric acid, used for etching 
glass, and it has other important uses. 

Fluorite is a widely distributed and fairly common mineral. It oc- 
curs in isometric crystals, usually in cubes which are very often twinned 
as shown in figures 104, 184. Other forms are much rarer. It is abun- 
dant in veins as a coarse-granular material. 



Figure 184. Fluorite, tiroiip of ( uliical Twin's. We.trdale. Durham, England 


lieaiiriful -.pei-iineii', have been found in great abuiulaiii'p in the 
iron mines of Northern Entrland in Lrroups of trreeii. purple and wine- 
yellow crystals. Pink octahedrons come from Switzerland and are 
highly prized for their beauty and rarity. The chief commercial .sup- 
ply in the United States is in Southern Illinois ami northern Kentucky. 
It occurs abundantly in Colorado and New Mexico. Cubes of mammoth 
size formerly .-nnie from IMacomb. New York. Many other localities all 
over the worhl yjcM tiac sj,ccimens or are of coninicreial importance. 

Apatite is a pr.o'.plui-e of calcium, but wiili rise addition of either 
calcium duonde or cah-inui chloride, the former b. jim' much the most 
abundant. Miners always call it “phosphate." 

Hardncis: Xo. ~ i'n the sou'e of hardi’d.-;. SpfC'fd' gravity: 3.2. 

Luster: vitreous to sub-resinous. 
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Color; usually green or brown, but sometimes yellow, violet, blue, 
white or colorless. Streak: white. Transparent to opaque. 

Cleavage: basal, but not prominent. Tenacity: brittle. 

Forms: crystals, hexagonal, usually in rather long prisms terminated 
by pyramids, figure 185, and often the base, figure 186; more rarely 
in tabular crystals and then more complex. 



Figures 185, 1S6. Common Forms of Apatite Crystals 

Occurrence: It is abundant in rocks of all classes, scattered in small 
ciystals. As these weather, the ingredients are washed down, part re- 
maining to enrich the soil, while other portions eventually reach the 
sea and are built up into parts of living organisms. The mineral was 
formerly mined in Canada, but it has been replaced by the phosphorite 
found in Southern and "Western States and elsewhere. Fine, large 
crystals, of the coarser types, are found abundantly in various Canadian 
localities, while the delicate and beautiful specimens of smaller sizes are 
chiefly from central Europe. Blaine and ilexico. 

Identification: distingui.shed from beryl, which the larcer cry^taL 
often closely resemble, by its inferior hardness and solubility in either 
hydrochloric or nitric acid. 

Uses: as a fertilizer. • 

Collophanite is a hydrous calcium phosphate, Ca 3 (P 04 ) 2 .Il 20 - H 
includes the many forms of “phosphate" rocks embraced under the gen- 
eral term “phosphorite. ” This material is more properly regarded as a 
rock than a mineral. The nodular phosphates of the Southern States, 
the “pebble phosphates" of Florida and other types found in the 
Southern States as well as the vast deposits of oolitic “phosphate” in 
Wyoming and other AVestern States belong under collophanite. They 
are of enormous value as fertilizers. 

Gypsum, hydrous calcium sulphate. CaS 04 . 2 Ho 0 , is found in sev- 
eral very different forms. 
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Selenite, number 2 in the scale of hardness, page 31, with specific 
gravity: 2.32, is the variety occurring in monoclinic crystals, most com- 
monly of the types shown in figures 49, 187, 188. Its cleavage is de- 
veloped in three directions, yielding rhombic plates. The largest cleavage 
face has a pearly luster, while the other faces are sub-vitreous and show 
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respectively conehoiclal and fibrous fracture. Its tenacity is remarkable, 
it being both flexible and sectile (page 36). Selenite is transparent and 
usually colorless. Streak is white. Mammoth crystals, some five feet 
or more, have been found. Among its most celebrated localities are Utah, 
Mexico, Sicily and France. Figure 190 shows a rosette from Texas. 

Satin spar is a fibrous variety having a charming silky or satiny 
luster. Its color is usually white or pale yellow. It is popular at 
Niagara Falls and other tourist resorts for cheap jewelry and ornaments. 
The best material comes from England, Siberia and Nevada. 

Alabaster is a fine-grained, sub-translucent variety, extensively used 
in Italy for statuary' and other carvings. 

Rock-gypsum, "plaster-stone,'’ is a medium-coarse to fine-grained 
variety which occurs in beds of great thickness and is regarded as a 
rock. 

Occurrence: Gypsum forms great beds in many rocks and is often 
associated with halite. Uses: The most important use is in the build- 
ing trades and as "Plaster of Paris.” 

Anhydrite is calcium suli)hate. CaS 04 . It usually occurs in fine- 
granular masses of sugar-like texture : white, gray or pale blue. Hard- 
ness: 3 to 3. .5 and thus distinguished from similarly appearing varieties 
of gy'psum, whose hardness is 2. Specific gravity: about 2.9. Crystals: 
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Figure 189. Gypsuxii, variety Selenite, Crystals, FU^ortb, Ohio 

rare, readily yielding cleavages of cubic appearance. Often associated 
'vith "ypsuni in extensive beds. 

Dolomite is doseribed under Magnesium minerals on page 1S7. 


CAUBON MUTEEALS 
Carbon, the Most Important of the Elements 

It i.s safe to say that carbon is the most important of the elements. 
If it were judged merely by the two forms in which it occurs as distinct 
minerals in nature, it would not be accorded the highest rank among the 
element.s, even though one of them is the matchless gem. diamond. 
^arhon. however, forms fully 200.000 compounds, a far greater number 
than are formed by any other element except Hydrogen. They make our 
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fuels — coal, oil and gas; much of our foods and clothing, many drugs, 
dyes, explosives. Carbon is used in pencils, printer's ink, lubricants, 
crucibles and almost countless other products upon which we are de- 
pendent for the necessities and comforts of life. How could we get along 
without steel: Yet it could not be produced unless carbon were added 



Figure! 130 . Gypbum Kosette, **Desert Kose/^ Xexab 


to iron. Carbon is essential, also, in the smelting of the ores of iron and 
of many other metals. The longer we live the more we .shall be impressed 
with the great importance of carbon and its compounds. 

Its occurrence in the mineral kingdom introduces us to diamond and 
graphite, to the large group of the carbonates (page 27), and to the 
hydrocarbons (pace 163), including coal and petroleum, which are by 
far the most valuable mineral products of our country. 

Diamond is jnire carbon, symbol C. As a cut gem, it is probably 
the best-known of all minerals, but very' few people, comparatively 
speaking, are familiar with its appearance in the rough. It is with this 
that the mineral collector is especially interested. YTio can tell whether 
the ability to recotrnize it in its natural state may not lead some student 
of this btxik to discover an important new source of supply. This did 
happen in the case of Sir Thomas Cullinan. at the time a day laborer, 
who learned tlie appearance of rough diamonds and of the minerals as- 
sociated with them and then devoted his spare time to searching for 
them in South Africa. He was rewarded by discovering what eventually 
became the Premier IMine. which has produced $150.000. OOO's worth of 
diamonds, including the mammoth Cullinan diamond. The poor laborer 
became a multimillionaire and a member of the English nobility, while 
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the company organized to operate the mine paid to its stockholders every 
year nearly four times their original investment. 

Forms: Diamond usually occurs in distinct isometric crystals, whose 
forms vary greatly, though the octahedron and the dodecahedron are 
the most common. Very often the crystals are rounded (figure 821, 



liKure 191. Diamond Crystal, 442 Carats, found 1917 Keported to be the 
Valuable Stone Found in the Mines at Kimberley. South Afiica. 
Courtesy of DeBeers Consolidated Mines, Limited 


frequently concealing the form and making it appear more complex than 
it really is. Little triangular depressions or elevations (figure 1921 
are often seen on the octahedral faces. Twins (figure 10-3) are abundant. 
Figure 191 is a photograph of a fine octahedron, weighing 442 carats 
found in 1917 in one of the Kimberley mines. Besides the usual crj's- 
tallized forms, a black, inasslve variety, known as “car-ion” or “car- 
bonado,'’ occurs ill Brazil, harder and tougher than the crystals. 

Cleavage is octahedral and easily obtained, leaving verj' brilliant 
surfaces which it is easy to mistake for crystal faces. 

Hardness is the distingui.shing property of diamond, for it is much 
harder than any other substance. Mliile it is number lo in the scale of 
hardness, page 31, it is actually many times as hard as corundum, 
number 9. 

Luster: Adamantine luster takes its name from the Greek name of 
diamond, adamns, adamant. Diamond shows this type of luster more 
perfcrllv than any other mineral (see pacre 107' . 
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Color: The typical diamond is absolutely colorless, but light yellow 
is common, also brown. The percentage of stones of other colors is ex- 
ceedingly small and usually the fancy-colored diamonds — blue, green, 
orange, pink or red — are quite small. 

Other properties of diamond are summarized below in comparison with 
graphite. 



Figure 192. Di.uuond, Natural, Triangular Growth Projections on Face of 
Octahedron. Kimberley, South Africa 


Diamond Gems: Diamond is much the most popular and important 
of all gems. This is due to its unequalled hardness, brilliancy and play 
of colors. Irs wonderful plai) of colors, when cut into a gem, is ex- 
plained on pages 110. 116. The maximum reflection of light from the 
inner surfaces of the lower facets is secured by grinding these facets at 
definite andes. thus greatly increasing the brilliancy. Colorless and 
water-clear gems are said to be of ‘‘first water.” the highest grade being 
'.'ailed "blue-white" by the jewelers. Contrary to the general belief, 
these are not the most expensive of gems, this honor being accorded to 
the fancy-colored stone.s noted above. These are. however, so rare as to 
be practically unknown to most people. 
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Historic Diamonds: While small stones constitute a very large per- 
centage of the diamonds found, extra large stones are occasionally 
found. These are valued at much more than proportional prices, some 
of them having been sold for many hundreds of thousands of dollars. 
The “Kohinoor” has been known since 1304 and remained in the Orient 
until 1850 when it was sent to England. It is probably the most famous 
of the historic diamonds. The “Orloff” diamond is said to have formed 
one of the eyes of a Hindoo idol. It was stolen and was later sold to 
Prince Orloff of Russia for $450,000 and eventually was mounted in 
the imperial scepter. These two stones, also the “Great Mogul,” which 
is said to have weighed in the rough nearly 800 carats, and the mag- 
nificent, deep-blue “Hope” as well as many other famous diamonds, 
came from India. 

The South African fields have produced many huge diamonds includ- 
ing the “CidUnan,” the large.st in the world, which weighed in the 
rough 3,106 carats, or over one and a third pounds. It was presented 
to King Edward VII and was then cut into over a hundred stones, two 
of which are larger than any others known. These may now be seen 
among the crown jewels in the Tower of London. Among many other 
South African diaiuoiids of note are the “Jubilee,” the “Victori<i” and 
the “Tii]’an;i.” The last named is an exceptionally beautiful, yellow 
stone which has been displayed at many international expositions, in- 



Figure 193. Diamond Crystal In Conglomerate; Namaqualand. South Africa 
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eluding Chicago, 1933. Thirty diamonds weighing over 400 carats were 
recorded from South Africa up to 1932. 

Occurrence: The earliest, authentic finds of diamonds were in India, 
which for many centuries was practically the only source of supply. 
The diamonds were recovered by washing loose gravels, or from con- 
glomerate or sandstone rocks. As many as 60,000 men are said to 
have been employed at the famous diamond mines near Golconda, India 
in 1665. These have now been abandoned, but there is still considerable 
mining near Allahabad, India. 

About 1729 diamonds were discovered in the gravels and conglomer- 
ates of Brazil and that country has been an important producer ever 
since. 

The great diamond mines of the world are those in South Africa 
which are working in the rock, kimberlite (page 257), or, as it is known 
locally, “blue ground." Great “pipes’’ occur, filled with this curious 
mixture of minerals which has been forced up from thousands of feet 
below the surface by the pre.ssure of confined gasses. The diamonds 
are scattered through this rock very sparingly and irregularly. How 
they got there has long provoked controversy among geologists.* Some 
idea of the very small quantity of diamond in the kimberlite may be 
secured by noting that in 1926 the production of one of the largest 
and richest mines averaged but one carat from 5378 pounds; or, to put 
it another way, there would be about one chance in 3585 of finding 
a carat of diamond in a specimen of kimberlite 3x4 inches in size, weigh- 
ing a pound and a half. 

It was in 1867 that some children playing in the river gravel found 
the first South African diamond. Some three years later diamond was 
found in kiinlicrlite at Jagersfontein and within another year four otlier 
great mines were discovered, all in the vicinity of Kimberley. Others 
were found in other parts of South Africa during the next few year^. 
but for twenty-one years after their discovery the “big five’’ were the 
only profitable mines. Then another great mine was found and. finally, 
in 1902, the greatest of all, the “Premier (Transvaal,! ” mine, figure 194. 
was discovered. .Since tliat time no large diamond mine has been dis- 
covered anywhere. The mineral is. however, widely distributed all over 
the world, and were it not for the tremendous pjoduction of the South 
African mines and tlie control exercised over their production, some 
of the o.'Currences miuht be regarded as important. 

The ri'diest occurrence in the United States is in Arkansas, where 
rock similar to the South African is found. At lea.st ten thousand 

' See "The Genesis of the Diamond.’’ by A. F. Williams. 193'i. .t marvelously 
interesting book, m siimptuAijs: vnlumes niairnili''’pnr’ v illustrated 
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Figure 194. Premier Diamond ^line. Transvaal. Soutli Africa, on \pril 19, 1928. 

(O. I.. Fnffli*.h Photo) 


diaiinmil.s Jia\e heeii reL'Overed there, the largest weie-liiii" twenty-oiit; 
carats. Sanie of the best may be seen in the L’nited Srat-^s National 
Museum. 

Uses: IVhile the chief use of diamond is as a gem. as noted above, its 
industrial uses are of far greater practical importance. Tlie extra- 
hard. black variety, ‘‘carbon.” mounted in “diamond drills.” has made 
it possible to drill tliroutrh solid rock to a depth of over ten tliousand 
feet, and preserve the core. The much more common “bort.” whicb 
is diamond too inferior to be cut into gems, has large uses for sawing. 
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grinding and polishing. Minute diamonds are mounted for glaziers’ use 
and perforated diamonds are used as dies through which fine tungsten 
wire is drawn for electric light filaments. 

Graphite, “black lead,” is pure carbon, symbol C. It is a mineral 
we use every day, for, mixed with a little clay as a binder and then 
compressed, it forms the “lead” of our lead pencils. Other uses are 
mentioned below. Its applications in the arts are due chiefly to its soft- 
ness, the flaky structure of the crystalline variety, its infusibility and 
its resistance to acids. Its properties are noted below. 

Graphite and molybdenite much resemble each other. Both are so 
soft as to mark paper, but can be readily distinguished by their re- 
spective colors, black and bluish lead-gray. Graphite is a mineral 
with which every beginner should become familiar, yet it is quite pos- 
sible that he may not meet it in the field. Specimens should, therefore, 
be purchased. There are comparatively few localities which yield it 
in commercial quantities, but it is widely distributed in little scales in 
many rocks, as in mica-schist, and the marble of Ticonderoga, New York. 
It forms the odd “crow's feet” in the Tennessee “marble.” 

Diamond and graphite are both pure carbon, yet no other two minerals 
of the same composition differ so greatly from each other. Let us com- 


pare them. 

Diamond and Graphite Compared 

Properties 

DIAMOND 

GRAPHITE 

Crystal form 

Isometric 

Hexagonal 

Other types 

Spherical ; massive 

Grains, scales, massive, foli- 
ated, columnar 

Cleavage 

Octahedral, perfect 

Basal, perfect 

Tenacity 

Brittle 

Flexible 

Hardness 

10 

1 CO 2 

Specific gravity 

.3.52 

•2.20 

Luster 

Adamantine, greasy 

Metallic; dull when massive 

Color 

Colorless, yellow, brown ; rare- 
ly green, pink, orange, red, 
blue; black when massive 

Iron-black to steel-gray 

Transparency 

Transparent or translucent; 
opaque when massive 

Opaque 

Conductivity 

A non-conductor of electricity 

A conductor of electricity 

Combustibility 

Combustible 

Ison-combustible 

Composition 

Pure carbon 

Pure carbon 

Csually occurs in 

Kimberlite, conelomerate. de- 
p^sits of gravel 

Granite, gneiss, mica schist, 
crystalline limestone 

Oiief loc,anties 

Eolith Africa. Brazil. India 

^Madagascar. Bohemia, Ceylon 

Chief uses 

As a precious stone; an 
abrasive, in wire drawing 

In lubricants, paints, stove 
polish, cnicibles. lead pen- 
cils. foundry facings and 
other refractory product* 
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The Hydrocarbons 

It is beyond the scope of this book to treat in detail of such highly 
complex substances as the natural compounds of carbon with hydrogen, 
or with both hydrogen and oxygen. In most cases they are not true 
minerals, because they lack a uniform chemical composition. Neverthe- 
less, the supreme economic importance of some of the members of this 
group justifies their mention and the earnest student, seeking a liveli- 
hood from the mineral kingdom, may find it highly desirable to become 
thoroughly familiar with some of them, while everyone should know a 
little about them. 

Ozocerite, “mineral wax,’’ is the simplest of the natural hydrocar- 
bons worthy of our attention. It is rather sticky and slightly lighter 
than wmter. Its color is commonly brown to black and it often has a 
foliated structure. It is mined in considerable quantities in Galicia 
and formerly in Southern Utah. It is used in making the best grade of 
candles and electrotype wax, while a derivative, ‘‘ceresine,’’ is used for 
bottles for holding hydrofluoric acid. 

Amber is the most attractive of the natural hydrocarbons. When 
pure it is transparent and of a beautiful, deep honey-yellow color, or 
occasionally brownish-red. It is often cloudy and nearly or quite 
opaque and white. Its hardness is 2 to 2..5 and it is slightly heavier 
than water. Its luster is resinous and it has a conchoidal fracture. One 
interesting characteristic, possessed also by eopalite, is that it is nega- 
tively electrified by friction, preferably with a silk handkerchief, so 
that tiny bits of paper will be picked up. This fact was known to 
the ancients, who called amber “electnitn" and our word electricity 
traces its origin to this source. By far the most important locality is 
the Southern coast of the Baltic Sea. Here it is extensively collected 
and manufactured into various commercial objects, such as bead.s. and 
cigar holders. A large, government-owned factory is located at Konigs- 
berg in East Prussia. Amber is a fossil resin and during its forma- 
tion it frequently entrapped insects which have been preserved to t'.iis 
day. 

Copalite is a fossil resin, very similar in appearance to amber It 
is imported into the United States in considerable quantities from New 
Zealand, where it is known as “Kauri Gum,” also from Africa, iilanila 
and other far-away places. It is chiefly used in the manufacture of 
linoleum and also fine varnishes and cellulose lacquers. 

Petroleum is a mineral product of which the L'nited States in 1929 
produced over a billion barrels. It is known every'where as “oil" and 
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the romance of oil is as fascinating reading as any novel. Petroleum 
is far from being a simple mineral, being composed chiefly of three 
substances, paraffin, benzene and naphthalene, though in California 
asphaltum is an important constituent. The commercial use of petrole- 
um is a development dating back searcelj" more than a hundred years, 
but it was not until about the beginning of the twentieth century that 
the invention of the internal combustion engine, burning gasoline, which 
is a petroleum product, created a demand for petroleum far exceeding 
any previously existing. The number and variety of petroleum de- 
rivatives are almost unbelievable, including gasoline, naphtha, benzine, 
kerosene, paraffin, lubricating and fuel oils. The appearance of crude 
petroleum varies greatly in different localities, but most commonly it is 
a dark brown, or greenish, sticky oil, light enough to float on water. The 
chief producing wells at pre.sent are in Texas, California, figure 195. and 


i - 



Figure 195 Oil Wells and Storage Tanks, Baldwin Hills, I.os \nge!es, falifornia. 

«G. I,. English Photon 


Oklahoma. Many foreign countries contribute large quantities to the 
output. 

Asphaltum was probably formed from petroleum. It varies greatly 
in appearance, sometimes being a brown or black solid, occasionally with 
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a high luster as in that from Venezuela, or again dull as in that from 
California. From such solid forms it grades off to semi-liquid and liquid 
states, thus passing into petroleum. It always has a characteristic bi- 
tuminous odor, which is familiar to everyone who has passed a group of 
workmen laying an asphalt street pavement, which is its most important 
use. The famous Trinidad Lake is a pool of asphaltum, liquid and hot 
in the center and passing through intermediate stages to a eold, solid 
rock on the border. 

Wurtzilite is a brilliant, black solid, which breaks with a conclioidal 
fracture. It much resembles uintahite (gilsonitc) figure 196, which is 



196. Lintahlie (GiKonite). Ltuli, ll» ( ouchoUlal Fracture 


found near by in Utah, but is readfiy distinguished from it by it^ 
seetility. (j)age o6 . It may be shaved with a knife, into thin, curled 
shaving-;, but the in-ocess ends when, all of a sudden, they snap and 
break off. Wurtzilite is Used for rooting under the name of “elaterite." 

Mineral coal shares with petroleum the honor of being the most 
valuable of all the mineral prodm-ts of the United States. In the year 
19yl it added over .$1,000,000,000 to the nation's wealth. Coal wa^ 
formed by the change, during the geological ages, of vegetable matter, 
the transition being from peat, through lignite to anthraoite. There 
are many varieties, differing markedly from each other in appearano-e 
and usefulness. 

Those who live near to the great mines of anthracite in Pennsylvania 
doubtless think of this variety as the mo^^t important fuels, but its 
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value is less than half that of bituminous coal. It is comparatively hard, 
highly lustrous and ignites less readily than other kinds of coal. 

Bituminous coal, Avhich also occurs plentifully in Pennsylvania, is 
abundant in many other states. It is commonly known as “soft coal.” 
It crumbles easily and is much dirtier and burns with a much greater 
amount of smoke than anthracite. 

Carmel coal is a compact variety of bituminous coal having a con- 
ehoidal fracture and little, if any, luster. It is in favor for burning in 
fireplaces. 

Lignite is another, more variable, variety of bituminous coal, some- 
times retaining the form of the wood from which it is derived. Ordi- 
narily it has a brown color and is, therefore, called brown coal. 

Jet, strange as it may seem, is a “jet black” variety of brown coal! 
It is very compact and takes a high polish. It was formerly used for 
mourning jewelry. 

The economic importance of coal can scarcely be estimated. The 
United States produces nearly half of the world's output. An average 
of nearly 2.000,000 tons per day is mined and it constitutes nearly a 
third of all the freight carried by the railways. Notwithstanding the 
enormous quantity mined, it is estimated that there is enough coal in 
this country to last for a thousand years! The romance of coal is even 
greater than that of petroleum. It has been said that two pounds of 
coal, properly utilized, will do the work of a man for a day, which is 
equivalent to hiring a man for one cent a day ! What marvellous trans- 
formations have resulted from the conversion of coal into electricity, 
and into I’oke. with its enormously valuable by-products, chiefly gas, 
ammonia, light oils, tar and its many derivatives. Greater discoveries 
yet await tho.se who Sfunously study coal and other hydrocarbons and 
their chemi.stry. A fortune may be waiting for you right here. 

CHROMIUM MINRRALS 

Metallic Chromium does not occur in nature, but it is well known 
through its use in stainless steel, an alloy of chromium and iron. It is 
a brilliant, silverj- -white metal, of exceptional hardness, and its uses are 
rapidly increasing. Its only plentiful ore is the mineral chromite. 

Chromite, an oxide of iron and chromium, FeO.CroOs, is a mineral 
of great commercial importance, though the beginner will not find it 
especially attractive, as it ordinarily occurs in iron-black masses with 
submetallio luster. The resemblance to massive magnetite is often quite 
strong, but it can usually be readily distinguished by the fact that it is 
but very shgktly magnetic and has a brown streaJc, while magnetite has 
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a black streak. Care must be exercised, however, not to confuse it with 
franklinite, which also has a brown streak. The difference in their 
luster will be an aid, while chromite almost always occurs in serpentine 
or chrysolite. If either of these is noticed adhering to the mineral, it 
is reasonable to assume that it is not franklinite and if the streak is 
brown, that it is not magnetite, which is sometimes associated with 
serpentine. Such sight tests will sometimes lead the beginner astray 
as he will find that they are not absolutely reliable in all cases, and as 
he advances in his study of mineralogy he will appreciate the importance 
of supplementarj^ chemical tests which will settle the identity of his 
specimens beyond a doubt. 

Hardness: 5.5. Specific gravity: about 4.5. Tenacity: brittle. 

Form: isometric; though it occurs but rarely in crystals, these being 
small octahedrons; usually in fine-granular masses. 

Ocurrence: The world’s greatest deposits, in Southern Rhodesia, 
are now the chief commercial source of supply. iMuch chromite is also 
mined in India, New Caledonia, and otlier countries. The United States 
produces very little. “Black Sands’’ which abound in many regions, 
often contain chromite, sometimes in minute octahedrons. 

Uses: Because it is fused with great difficulty, chromite is used in 
the manufacture of refractory bricks for lining open-hearth furnaces. 
It is the material from which “ferroehrome’’ is made. This is an alloy 
of chromium and iron. TThen added to special steels it gives them 
great strength, thus adapting them for use in making safes, armor 
plates, projectiles, and high-speed tools. A large majority of the 
“alloy steels” contain chromium. Chromite is also the source of the 
many chromium salts of beautiful red, yellow and green colors, which 
are used as pigments, in coloring pottery, paintinu, printing wall papers 
and also in dyeing and calico priiiting. Chromium compounds have 
many other uses. 

Other Chromium Minerals. Crocoite, lead chromate, PbCr 04 , occurs 
in monoclinic, elongated-prismatic cry.stals of a srorgeous red color 
in Tasmania, and less plentifully in the Ural Mountains and Brazil. It 
IS too rare to be of commercial importance, but yields some of the most 
magnificent of all mineral specimens and adds greatly to the attractive- 
ness of any collection of which it is a part. 

The presence of small percentages of chromium in several minerals 
causes remarkable color changes, thus emerald, uvaromte. and fuchsite, 
are chromium-bearing varieties respectively of bervd. garnet and mus- 
covite and all of them have a rich emerald-green color. 
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COBALT MINERALS 

The metal Cobalt is closely associated with Nickel in its nature and 
properties. It is found chiefly in the minerals smaltite and coialtite. 
Study of cobalt minerals is beyond the scope of this book. 

COPPER MINERALS 

Copper, the metal of the poor. Everyone knows that copper is a 
red metal, for who has not admired the “bright penny” of England or 
the “bright cent” of the United States? Our cent contains 95% of 
copper, with 4% of tin added to give it greater hardness and 1% of 
lead. 

Next to iron, more copper is used than any other metal. There must 
be reasons. Can you tell what they are? Its chief use is as wire in the 
electrical industries. That points to its ductility, mentioned on page 36 
and to its excellence as a conductor of electricity. The statement has 
been made that there are probably 100.000,000 miles of copper wire in 
use in the United States Its use as .sheet copper in roofing demon- 
strates its initlhubUity. Copper enters into everyday life in a great 
many ways. You will find it worth while to li.st those with which you 
are familiar and you will then better understand why the production of 
copper has increased so marvellously. Our ovni country in 1851 pro- 
duced only about 1,000 tons, while in 1926 the yield of our mines was 
S69.S11 toms. 

Native Copper, the only metal found abundantly in nature, occurs 
alone the South shore of Lake Superior in some of the greatest mines 
in the whole world, over 6.000 feet deep. They have been worked for 
over four hundred years. Copper has been knovni and used from the 
earliest times, indeed the “copper age" followed the “stone age.” The 
Romans called the metal cuprum, and from this name the chemical 
symbol of the element, Cu, is derived. A mass weighing about 420 tons 
was found in 18.57, but the chief ore of the Lake Superior region is low 
frrade. the copper forminer the cementine material of pebbles whieli 
make up a conelomerate. This region is famous for the wonderful 
groups of copper crystals, figure 197. which it produces and for the 
marvellously beautiful specimens of limpid caleite crystals with en- 
elo.sures of briirht red copper. The finest of these are among the most 
spectacular mineral specimens in the world. It crystallizes in the 
isometric sy.stem. the crystals often beiinr hinhly complex. Its hardness 
is 2.5 to 3.; specif c gravity: about 8.85. 

The Copper Minerals. The chief ores of copper, besides the native 
metal, are chalcopyrite and ehalcocite, but there are others which are 
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abundant in certain regions, among which are bornite, cuprite, mal- 
achite, azurite, ehrysoeolla. Besides these there are many rarer copper 
minerals, including tetrahedrite and also some of the most beautiful 
of minerals; for the copper minerals, almost without exception, are 
brightly colored, many of them being of rich blue or green colors, of 
shades not known in any other minerals. Minute crystals of these are 
a great delight to the microscopist. 



Fijfuie 197. Copper Cr^staK. Houghton County. Lake Sui»erior. .Micln«aM 

Chalcopyrite, popularly known as copper pyrites, is a sulphide of 
copper and iron, CuFeS^. containing ol.o^c of copper. It is a very 
widely distributed mineral in many rocks. It has a beautiful brass- 
yellow color, sometimes pale because of the admixture of pyrite. and 
often tarnished much darker and showing charming rainbow colors. 

It is decidedly softer than pyrite, which it frequently resembles, and 
from which it can be easily distinguished by testing its hardness, which 
is 3.5 to 4., so that it can be readily scratched with a knife. 

It much resembles gold, and. like pyrite is called “fool's gold." but 
it is distinguished readily if a bit of it is pounded, when its greenish- 
black streak is seen and also its brittleness, while gold is always mal- 
leable. 

Its specific gravity is about 4.2, while gold is 19.33, nearly five times 
as hea\w I That does not. however, aid the beginner much in distinguish- 
ing between the two minerals in the field, for he is not likely to find a 
piece of pure gold large enouah to enable him to compare it with tlie 
chalcopyrite. It would be a fair assumption to make. howe\er. that if 
he did find a large piece it almost certainly was not gold, and was 
chalcopyrite; then the hardness test would settle the question as to its 
being pyrite or chalcopyrite. 
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Its crystals, figures 41 and 198, which belong to the tetragonal system, 
are comparatively rare and often complex. Eead about them again on 
page 47. Very fine groups of crystals come from Japan, but while 
there are but few outstanding localities for crystallized specimens, a 
great many copper mines produce the massive mineral in large quan- 
tities. 



Fiifure 198. Chalcopjrite Crystal'^ ^ S*phenoids > on Dolomite, near Joplin, 

Bornite, is aiK'tiier s\il[>hiile of copper and iron, CusEeS^. It con- 
tains 5.3.5^; copper, much more than chalcopyrite. It is very much 
rarer, thoutrh in some mines it is abundant enough to constitute an 
important ore. Secure a specimen of it and break it. You will be 
amazed to rind that on a fresh fra>-ture it has the peculiar reddish-brown 
color of pimriibeek metal. Tlii.s quickly tarnishes to a beautiful blue. 
No oth.cr mineral is like bornite in this respect. It may be further 
distinguished by its grayisli-black streak, and its hardness of 3. Specif.c 
gravity is 4.0 to .3.4. Massive specimens are very beautiful, hut tic 
exceedingly r.a’e isontetric crystals are dull and lack the characterist; ■ 
blue tarvisk. 3'ery fine, pure masses, come from IMessina in th.e Trai’-.- 
vaal : Bi.sbee, Arizona and a few other localities. 

Chalcocite, often calleii ecppcr glance, is a pure copper sulphide. 
('u.;S. centair.lntr 79.5'';- copper. It ha.s a dark lead-gray loJor. It 
usually riccurs noiss’re and when pure it is apt to be n^'e-granular ana 
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show an imperfect conchoidal fracture. Its hardness is 2.5 to 3 and 
specific gravity: about 5.7. It is the most important of the copper ores 
and occurs in vast quantities in the mines at Butte, Montana, and 
also in Arizona and many other reg-ions. Crystals are verj- rare and are 
of complex orthorhombic forms. 

Cuprite, sometimes called “rubj- copper,” or red copper ore, is an 
oxide of copper, CuoO. It is the only one of the copper minerals, except 
native copper, which has a red color. It sometimes much resembles 
cinnabar, from which it may be quickly distinguished by its brownish- 
red streak, while cinnabar (and proustite) have a scarlet streak. Its 
superficial color varies considerablj', from crimson to cochineal-red, but 
it grows darker on exposure to light and becomes almost black. Its 
hardness is 3.5 to 4, and specific gravity: about 6. 

Its crystals are usually small cubes, octahedrons, and dodecahedrons 
and combinations of these forms, but its most wonderful occurrence, the 
variety chalcotrichite, is in cubes so greatly elongated in one direction 
that they form capillary crystals (see page 59). These are gloriously 
beautiful under the microscope. It is fairly abundant in the upjier 
levels of copper mines. At Chessy, France, crystals of cuprite occur 
superficially changed to malachite. 

Tetrahedrite, often called ‘‘gray copper” especially by miners, is a 
compound of copper, antimony and sulphur, CuySbiS;. It is a rich 
ore containing 52% of copper. It often contains silver as an impurity, 
sometimes as much as 30%, and is then far more valuable as a silver 
ore. Its color is quite characteristic, being “between flint-gray and 
iron-black.” Its streak is like its color, and its luster is metallic, a little 
dull in masses, but often exceedingly brilliant in crystals. These, as in- 
dicated by its name, are of tetrahedral form, often highly complex. 
Tetrahedrons are half forms of octahedrons, that is they have octahedral 
faces but only half as many as the octahedron. Hardness varies be- 
tween 3. and 4.5, and specific gravity ranges from 4.4 to 5.1. Bolivia 
produces the finest specimens of tetrahedrite, and excellent groups of 
crystals also come from England. Transylvania and a good many other 
localities. The massive ore is fairly abundant in copper and silver 
mines. 

Azurite and Malachite. These two minerals both crystallize in the 
monoclinic system and have a hardness of 3.5 to 4. They are both im- 
portant ores of copper and each is a copper carbonate combined with 
water, but here their similarity ends and it is interesting to note how 
a slight change in the percentage of the water, from 5.2 per cent in 
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dzurite to 8.2 per cent in malachite, produces another mineral with 
radically different characteristics. Both of these minerals result from the 
action of carbon dioxide, dissolved in water or present in the air, upon 
native copper, cuprite, or some other copper mineral, near the surface 
of the ground. Azurite is first formed and then it is gradually changed 
to malachite. Specimens which show only a partial change are fre- 
quently seen, especially at Tsumeb, South West Africa, where large 
crystals of azurite show its characteristic blue color outside, while 
within is the green color of the malachite. When the change is com- 
plete such a specimen is called hialachitc pseudomorph after azurite. 
Bisbee, Arizona and Tsumeb both produce very fine specimens of this in- 
structive occurrence. Classes eompo.sed of the two minerals are some- 
times found which take a high polish and. because of the Xjleasin? con- 
trasts of color, make most beautiful .specimens. 

Azurite is sometimes called Hue carbonate of copper, but. as we 
liave ,iust seen, water is chemically combined, yieldin? the formula, 
2CuC0n.Cu(0H)n. 

Rardiies.^: 3.;' to 4; specific gravity; 3.77 to 3.89. 

Its blue color is very characteristic, the only other mineral which 
closely resembles it beincr the rare sulphate of lead and copper, linarite 
The color varies much, however, from a light blue to almost black. 

Cry.stids abound in certain localities, notably at Tsumeb. at Chessy in 
France, and Bi'bee, Arizona, and the best of them are among the most 
magnificent of all mineral specimens. The forms are usually exceed'ng- 
ly complex. Earthy forms and masses of drusy cry.stals are common. 
The h'-'fi'r (,f the crystals is vitreous, chanain" to dull in the earthy 
form. 

Malachite, often called green carbonate of copptr. though, as noted 
above, w, tci' is ■■heniic-ally combined, has the formula. Tip '0.,.ru i'OIT 
Its mo-t i-harc.creristic color is a rich 'rreen. 

Hard) e.is: 3..i to 4.; .‘tpfcific graviftf: 3.9 to 4.03. 

Di.stinctly formed crystals are rarely seen, thouch radiating tufts are 
not uncommon. The U'Ual forin is mammil’ary. figure 120, the masses 
showintr a b.anded and compact-fibrous strH('t)ire. Su.-h material is sus- 
ct'ptible I f a 1 Ah ]ri!iG;. P-iperb .spe.-imeus have lieen fitund at Bisbee. 
Arizona, with velvi ty surmces. one of which, in the American IMuseum 
i.f Natural History, is shown in fiL'ure 199. 

Russian mala -lute is hiirhdy prizcil and has been manufactured into 
vases, table tops and other art objects, and even used for pillars in 
some European l i.urches. Belgian roncro. and Nortliern Rhodesia are 
now the largest proMlucers. 
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Figure 199. Yelvet Malachite, Bisbee, Arizona, in American Museum of Natural History 


ChrysocoUa is a silicate of copper, with water, CtiSi 03 . 2 H 2 0. It 
usually has a beautiful sky-blue or bluish-greeu color. It is massive. 
or sometimes botryoiclal and very brittle. Its hardness varies from 
2 to 4. Its specific gravity is only a little over 2. It is fairly abundant 
in the upper levels of copper mines as in Arizona and other Western 
States. 

Dioptase is another copper silicate, CuSiOs-H^O, formerly regarded 
as a very rare mineral, but recently found in Africa in suiBcient 
quantities to be mined as a copper ore. It is one of the most beautiful 
of all minerals, its rich, emerald-green color lighting up any collection. 
Groups of its crystals from Russia were formerly so rare as to be 
distinguishing marks of the higliest grade of mineral collections ; now 
they are seen in many collections of lesser rank. It has a hardness of 5. 
and specific gravity of about 3.3. 

Other Copper Minerals. There are scores of other copper minerals, 
nearly all of which are very rare, including arsenates, phosphates, 
vanadates, nitrates, sulpdiates. These present one of the most delightful 
fields for study after the rudiments of mineralogy are learned. 

GOLD MINERALS 

Gold, the Eling of the Metals. From earliest days gold has been the 
most sought of all the metals. Its use for coins, watches, jewelry and 
in many ways in the arts, is so well known as to need no emphasis. Until 
1933 the value of gold in the United State.s, was fixed by law at $20.67 
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per ounce Troy. A mucli higher value has since been placed upon it, 
and its use has been limited. 

Native Gold, symbol Au (from its Latin name, aurum), is highly 
prized by collectors, especially when crystallized. 

Its crystals belong to the isometric system. Octahedrons and do- 
decahedrons are the most common forms, and they are often much 
distorted and skeletonized, and the faces frequently show little triangu- 
lar elevations. 

Gold occurs in igneous, sedimentary and metamorphie rocks all over 
the world. A list of even its important occurrences would be a very 
long one. Probably it is most frequently found in quartz veins, though 
the greatest deposit of gold in the world, that of the Witwatersrand 
(often called “The Rand”), in the Transvaal, South Africa, is in quartz- 
conglomerate. In the early days, gold mining was chiefly in the gravels 
and sands of stream beds and the adjoining hillsides, known as “placer 
deposits.” These were at first washed in a primitive manner to remove 
the lighter ingredients, leaving the gold behind; in later years great 
dredges, operated by steam or electricity, have largely replaced the 
small miner; or powerful streams of water have been directed on the 
gravels washing them down into sluices where the gold is separated. 
This method is called hydraulic mining. Gold oecurs in the rocks 
chiefly as stringers, thin leaves or plates, figure 200, and scattered 
masses. As the rocks disintegrate these are released and washed down 



Fienre 200. Gold, Rodridge Mine. XeTada County. California. The Ann, of Nearly 
Pore Gold, U 141 Inches Lons and is .attached to a Mass of Quarti. The 
Specimen is Estimated to Contain 36 to 40 Ounces of Gold 
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into the streams and valleys where by rubbing against harder particles 
they become broken and rounded into grains, fine dust or fiat scales. If 
the original mass was large, the placer gold may be in large, rounded 
masses called “nuggets.” The largest nugget ever found was the 
famous “Welcome Nugget” found in 1S58, in Australia, which weighed 
over 150 pounds and was valued at $11,883. It measured 20 by 9 inches. 

The hardness of gold is only 2.5 to 3, which readily distinguishes it 
from pyrite, whose hardness is over 6. 

Its specific gravity, when pure, is over 19, but unless a large mass of 
it is available for comparison with other minerals its great weight is not 
a convenient test. 

Its color is typical golden-yellow, but, because silver is almost always 
alloyed with it, sometimes as much as a third of the “gold" being silver, 
as in the variey known as electrum, the color is ordinarily much lighter. 
Chalcopyrite often greatly resembles gold in color, and as its hardness 
is not verj’ much greater than that of gold, it is sometimes difficult to 
tell them apart. One test, however, will quickly settle the question. 
Gold is highly malleable (see page 35) and chalcopyrite is brittle ; 
therefore, if a small fragment of the mineral breaks readily it cannot 
be gold, for gold simply fiattens out. The test will also show the streak 
of chalcopyrite to be greenish-yellow, while if gold is drawn across a 
streak plate it will be seen to have a streak the same as its external 
color. If it is borne in mind that gold is the only yellow mineral which 
is malleable, there will be no difficulty in identifying it whenever a 
piece can be tested large enough to show the malleability. 

Other sources of gold: Considerable gold is recovered from pyrite, 
in which it occurs as an impurity'; also, in much smaller quantities 
from arsenopy'rite and pyrrhotite. The only known compounds of gold 
found in nature are with the rare element, tellurium, the best known of 
these being the tellurides, sylvanite and calaverite, found chiefly' in 
Colorado and Western Australia. 

The romance of gold is a fascinating subject about which to read, 
while a collection of the many- kinds of gold will afford much pleasure. 

HYDROGEN MINERALS 

Hydrogen constitutes about one per cent of the earth's crust. It is an 
essential part of a great many minerals, and is also present in the 
great group of hydrocarbons 'see page 163), and in various natural 
gases. One of its compounds, water, is universally distributed. 

Water, hydrogen oxide. HoO, is a liquid between zero and 100° 
centigrade: below zero, it is a solid, either ice nr snow; above 100° it i.s 
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a vapor, steam; but at aU ordinary temperatures water vapor is present 
in the air. 

Pure water, either liquid or as ice, is colorless and transparent except 
in large quantities, when it shows a beautiful “sea-green” color. 

Its specific gravity is 1, it being the standard of comparison for all 
minerals. Ice has a specific gravity of 0.91, and consequently floats on 
water. 

Form: Ice crystals result from the freezing (solidifying) of water 
(see page S3) ; snow crystals result from the freezing of water vapor. 
Both of these forms are hexagonal in crystallization. Snow crystals 
occur in a greater variety of forms than any other mineral. They have 
been photographed with wonderful skill by the late Walter A. Bentley, 
a few of whose thousands of illustrations are reproduced on page 57. 

Uses: jMore water is used than any other mineral, its contribution to 
life being too well known to need comment. It may not be realized, 
however, that water is the most important agency in the weathering and 
destruction of the rocks, because it dissolves so many minerals and also 
because of the enormous pressure which it exerts in freezing, due to its 
expansion. This amounts to about 276,000 pounds per square foot. If 
water fills an open crack in a rock and then freezes, it is very apt to 
tear the rock apart. This action is strikingly shown along ocean-side 
cliffs in the spring, when great masses of rock, detached by the power 
exerted by freezing water, fall to the lower ground. It would be most 
interesting to list every use of water in its several forms. Such a list 
would be far too long to include in this little book. 

Water is a good illustration of how the average person takes common 
things for granted, never noticing their beauty. How marvelously 
beautiful are the snowflakes, the great fields of snow, the glaciers, the 
icebergs, the snow-covered mountains, the great open stretches of ocean, 
lakes and rivers, the magnificent water falls ! Surely water is a 
thrilling mineral ! 

IRON MINERALS 

The chief reason for the small supply of native iron is the fact that 
iron “rusts” very easily, which is only the popular way of saying that 
it readily combines with o.xygen. Tlie result is that the ores of the 
great iron mines of the world are largely oxides of iron, the particular 
minerals being hematite, Umonite, magnetite. 

Evidences of the presence of iron are to be seen all over the world. 
The “red clay" of the great Piedmont plateau in the Eastern United 
States owes its color to iron oxide. The marvellously beautiful colors of 
the rocks in the Grand Canyon, Zion Park, and Yellowstone Park are 
largely due to oxides of iron. Iron too adds the showv- colors to building 
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bricks, to the chlorophyll which gives the trees and plants their lovely 
green colors, and in countless other ways it contributes to the beauty 
of the world. Metallic iron enters into our daily lives in ways too 
numerous to mention, but many of which are known to us all, while 
other uses in laboratories and factories contribute, though unseen to 
the people, to our essential needs as well as to our comforts. 

Iron has been known from antiquity, but only during the last two 
hundred years, since coal has been employed to reduce its ores, has it 
been manufactured on a large scale. Steel production has also grown 
enormously, while phenomenal progress is being made today in adapt- 
ing it to manifold uses by alloying it with small quantities of other 
elements, such as manganese, chromium, nickel, vanadium, tungsten, 
molybdenum. The romance of steel is one of the most thrilling pages 
in history and every cultured person needs to know something about 
this great outcome of the mineral industry. 

Over 250 mineral species contain iron as an essential part of their 
composition, but only very few of these minerals are at all common and 
these alone are worthy of the beginner’s attention. Those which will 
be treated here are: native iron, pyrrhotite, pyrife. marcasHe. hematite, 
magnetite, goethiie, limonife. siclerite. 

Native iron. It is remarkable that, while iron is the most used of 
all metals, native iron is a very rare mineral. It is found in very few 
places, the most notable being in Greenland. Many meteorites, figure 
’201, have fallen to the earth, but the aggregate amount of iron they 
have added to its stores is negligible. 



k. 


Figure 201. Section of Iron Meteorite, Mungindi, New South Wales. Polished 
and Etched to Show Crystallization 




178 


GETTING ACQUAINTED WITH MINEEALS 


Pyrite, “iron pyrites,” “fool’s gold,” is an iron sulphide, FeS 2 . 

Hardness: 6. to 6.5. Specific gravity: about 5.0. Tenacity: brittle. 
Fracture: conehoidal to uneven. 

Color: pale brass-yello’w. Tarnish: brown, but sometimes beautifully 
iridescent. greenisli-blaek. Zi/sfer.- metallic, brilliant. Opaque. 

Form: Isometric crystals occur in many forms and combinations, 
such as cubes, often striated (see figure 89), octahedrons, pyritohedrons 
(figures 34, 202, 203 1. Many rare crystal faces are found on pyrite 
crystals. It is frequently massive or granular, occasionally fibrous. 



Distinguished from both chalcopyrite and gold by its greater hardness. 

Occurrence; Pyrite is the commonest and most widely distributed 
of all the many sulphides. It occurs in vast beds, as at Rio Tinto, Spain, 
or as one of the constituents of ore veins, often associated with ehal- 
copyrite, galena, sphalerite, hematite, siderite, quartz and many other 
minerals. It would require much space to mention even the mo.st notable 
occurrences. Among the best American specimen localities are Leadville 
and Gilpin County, Colorado; Bingliani Canyon, Utah; French Creek 
Mines, Pennsylvania. Brosso and Traversella, Italy, and the iron mines 
of the Island of Elba have produced many superb specimens. 

Alteration : Pyrite is often found more or less completely altered to 
limonite. not infrequently hundreds of the altered crystals occurring 
Ioo.se in the .soil. The form of the pyrite crystals, figure 134, is usually 
well preserved. 

Uses: Pyrite has been mined in large quantities, not as an iron ore. 
but for the manufacture of sulphuric acid, but it.s use is declining. In 
the early days of the radio, it was larcrely used for radio detectors. It is 
sometimes a valuable ore of gold. 

Marcasite, white iron pyrites,” “mundic,” has the same composition 
as pyrite. FeS-j. but it.s crystals are orthorhombic. 

Hardness: 6, to 6.o. Specifi.c gravity: about 4.87. Tenacity: brittle. 
Luster: metallic. 
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Color: pale brass-yellow, whiter than pyrite, but often with a darker 
tarnish. 

Streak: grayish, or brownish-black. Opaque. 

Form: common in tabular, orthorhombic crystals, often twinned, fre- 
quently assuming spear shapes, whence the name “spear pyrites,” or 
resembling a cockscomb and then called “cockscomb pyrites.” Also 
common in nodules, radiated discs, stalactites, and other forms. 

Distinguished with difficulty from pyrite when massive ; good crystals 
are very different. It is somewhat whiter and much more liable to 
decompose. Powdered pyrite is completely dissolved in an equal quanti- 
ty of strong nitric acid, while a residue of sulphur is left when mar- 
casite is similarly treated. 

Occurrence: It abounds iii the chalk beds of Dover, England, in 
nodules; in fine, twinned crystallizations in Bohemia; in cockscomb and 
other forms in the Joplin region of Missouri-Oklahoma. 

Pyrrhotite, “magnetic pyrites,” iron sulphide, possibly FeiiSi-j. It 
is of no value as an ore of iron, but is a common mineral. 

Hardness: 3.5 to 4.5. Specific gravity: about 4,6. Tenacity: brittle. 

Color: a verj’ characteristic reddish bronze-yellow, tarnishing readily, 
usually to a dark brown. Luster: metallic. Streak; grayish-black. 
Opaque. 

Form: Crystals are rare, usually in tabular hexagonal plates, but 
sometimes elongated, with a series of pyramids, appearing as deep 
striations. Commonly massive. 

Distinguished from pj’rite, boruite and niccolite, by its being attracted 
by a magnet and by its color. 

Occurrence: Vast deposits occur at Sudbury, Ontario, where it con- 
stitutes an important nickel ore. probably throunli the pre--ei!ce of 
admixed pentlandite. Other extensive depo^^its occur at Duektown, Ten- 
nessee, in Lancaster County, Pennsylvania, and Strafford, Vermont 
Magnificent, huge crystals come from Roumania. 

Fses: Pure pyrrhotite is valueless, but it often carries gold, platinum 
and especially nickel and thus becomes of much importance. 

Hematite, “specular iron,” “red iron ore,” is an iron oxide, Fe^Os. 
It is one of the most important and most varied of minerals. It is best 
studied by considering its prominent varieties separately. 

(a) Specular Iron: in rhombohedral crystals with many forms, but 
always iron-black in color, with brilliant metallic luster, the maximum 
hardness for the species of 6.5. specific gravity: 5.2. opaque, unless in 
very thin plates, when it is blood-red by transmitted light; streak: 
cherry-red. Micaceous hematite is a variety of specular iron in which 
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tEin, micaceous flakes are aggregated into masses. Republic, Michigan, 
furnishes an excellent illustration of this variety. 

(b) Compact-fibrous, or columnar, kidyiey ore or pencil ore. Cleator 
Moor in Cumberland, England supplies the best material of these two 
types. Both of them are very hard, have a closely-knit, fibrous structure. 
more or less radiating, grayish-red color, brownish-red streak. Kidney- 
ore, figure 119, occurs in masses, often of large size, smooth-mamynillary 
or kidney-shape. The miners usuallj' treat the surface with stove polish 
and thus produce very bright and attractive specimens. Pencil-ore is 
in masses of exceptionally long-fiber. 

(c) Earthy, red ocher or “rouge,” is soft, without luster, and of 
bright, red color. 

(d) Argillaceous: impure through admixture of clay, sand or other 
impurities. Under this general heading are included the very abundant 
hard, reddish-brown and gray, yyiassive ores, as well as the much softer 
^Politic hematite” which abounds in New York, also other fossHiferous 
hematite in which the masses are compoifed of multitudes of small, more 



Figure 204. Hematite. *‘Iron Rose,'* St Gothard. Switzerland. Group of Cryetida 
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or less flattened concretions, largely the remains of corals. These are 
dull or submetallic in luster, have brownish-red streak and are opaque. 

Distinguished from other iron ores and from massive cuprite by its 
streak. 

Occurrence: Magnificent crystallized specimens are found in Switzer- 
land, figures 98 and 204, and in the iron mines of the Island of Elba, 
England, Eussia and Brazil. The world's greatest iron mines are 
in Minnesota and Michigan, while Alabama is also a large producer. 
Great steam or electrically -operated shovels scoop the ore out of the 
hillsides. Over 45,000.000 tons were mined in 1929 in the State of 
Minnesota alone. 

Uses: Over 90 per cent of the iron produced in the United States was 
derived from hematite ore. The softer varieties are used as a red paint 
and as rouge. 

Limonite, brown hematite, hydrated iron oxide, 2 Fe 203 . 3 H 2 0. 

Hardness: 5. to 5.5. Specific gravity : averages 3.8. 

Luster: submetallic to dull; surfaces sometimes brilliant, as though 
polished. 

Color: brown or yellow, sometimes with superficial, many-colored 
tarnish. 

Streak: yellowish-brown. Opaque. 

Form: never crystallized; usually amorphous, but not infrequently 
botryoidal or stalaetitic, figure 205, concretionary (either oolitic or 



Fiffure 205 . JLlmcmita. Staldctitio 
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pisolitie), earthy. Common in pseudomorphs after pyrite, figure 134, 
magnetite and ealeite. 

Distifiguished from goethite by its amorphous structure* and from 
other common iron ores hy its streak. 

Occurrence: It is a common mineral, formed by the alteration of 
other iron minerals and often found in marshes, whence the name “bog 
iron ore.” In Alabama it forms beds of great size, which are extensively 
mined. 

Uses: It is an important, though minor, ore of iron. The earthy 
variety is the pigment, yellow ocher. 

Goethite, like limonite, is a hydrated iron oxide, its formula being 
Fe2 03.Ho0. 

Hardness: 5. to 5.5. Specific gravity: about 4.2. 

Ordinarily in fibrous masses of same color and streak as limonite and 
classified with it commercially as an iron ore of minor importance. 

The Schiller (page 116) of some feldspars is due to enclosure of mi- 
nute crystals of goethite in parallel position. 

Occurrence: Beautiful compact-fibrous, banded masses come from 
Negaunee, Michigan, fine groups of crystals from Cornwall, England. 
Numerous localities yield a considerable variety of forms which the 
more advanced student will enjoy. 

Magnetite, magnetic iron ore, a compound of two iron oxides, 
FeO.FeoOs. 

Hardness: 5.5 to 6.5. Specific gravity: 5.18. Tenacity: brittle, 
breaking parallel to octahedral faces, but not true octahedral cleavage. 

Color: iron-black. Streak: black. 

Luster: brilliant metallic to dull. Opaque, except in very thin den- 
drites in mica, figure 139, when it is translucent and brown to black. 

Magnetism: always strongly attracted by a magnet. Rarely it is it- 
self a magnet, having polarity, and then called lodestonc. see page 119 
and figures 150-152. 

Forms: Crystals are isometric, usually in octahedrons, less frequently 
in dodecahedrons often with striated faces, figure 206, rarely in highly 
modified crystals and “spinel twins,’’ figure 103, cubes exceedingly rare. 
Also occurs, more plentifully, massive and coarse or fine-granular. 
“Black Sand’’ often consists largely of magnetite grains and minute 
crystals. 

Distinguished from all other common minerals by its strong mag- 
netism. 

* It has been established recently that the fibrous types heretofore classified as 
limonite are really goethite. 
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Occurrence: The enormous Scandinavian deposits are world-famous. 
Mineville, New York is an important producer. Among the best 
specimen localities are the Binnenthal, in Switzerland; North Issetsk, 
Urals; Traversella in Italy; French Creek Mines in Pennsylvania; Mine- 
ville, New York. 



Figure 206. Magnetite, Striated Dodecahedron 

Siderite, “spathic iron’’ “brown spar,” is iron carbonate, FeCOs. 

Hardness: 3.5 to 4. Specific pravity: about 3.85. 

Tenacity: brittle. Cleavage: rhombohedral. 

Luster: vitreous to pearly. Color: brown to grayi.sli-yellow. 

Tarnish: reddish-brown to brownish-black. Streak: white. 

Opaque to translucent. 

Forms: Crystals are rhombohedral, usually in simple rhombohedrons, 
often curved. Generally in masses either showing good cleavage, or 
granular, sometimes compact, also botryoidal or globular (the variety 
spherosiderite) . 

Occurrence: Impure siderite forms great beds in England and is 
common in the Appalachian coal measures. It is often present in con- 
nection with ores of other metals, and at Roxbury. Connecticut and else- 
where, forms large beds of iron ore. 

Fses: Siderite is a minor ore of iron and at times is used as a paint. 

LEAD MINERALS 

Lead has been known from ancient times, the Romans having used 
it for water pipes. It is soft, and when fre.shly cut, it has a brilliant 
metallic luster, but this soon tarnishes. As the lead compounds are 
poisonous, the use of lead pipe has been largely discontinued. The chief 
use of lead today is in storage batteries for automobiles. It is also used 
for lining tanks holding sulphuric acid because it is not attacked by 
that acid. Shot, bullets, type-metal and solder are made in part of lead, 
while it is essential in the manufacture of all lead paints. Next to 
iron, it is the cheapest of the metals. 
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The lead minerals with which the beginner should become familiar 
are galena, ceriossite, and anglesite. There is a host of lead compounds 
found in nature, many of them of exceptional beauty, of which the col- 
lector will become enamoured later on. 

Galena, lead sulphide, PbS, is by far the commonest of the lead min- 
erals. It is one of the most attractive of minerals because of its very 
striking properties. It has a brilliant metallic luster, the granular and 
eleavable types glittering with an exceptionally beautiful sparkle. It 
may well be one of the early minerals which any collector purchases, for 
it is not very likely he will find it in his rambles, unless they be to the 
dumps of lead mines. Crystals, when broken, show a remarkable 
cleavage in the planes of the cube and will teach much about this im- 
portant property of minerals. The easy cleavage makes it seem even 
more irittle than it really is. Galena is also strikingly heavy, its 
specific gravity being about 7.5. Its hardness is about 2.5. 

Crystal form: isometric. Cubes are much the most common form, 
often more or less modified by the octahedron, figures 27 and 207. The 
octahedron alone is much rarer, though octahedrons modified by the 
cube are not uncommon. Other crystal forms are much rarer. The pre- 
v'ailing type of galena is granular, either coarse or fine. Occasionally 
the structure is so very fine-granular as to be almost compact, while the 
other extreme grades off into coarsely cleavaile masses. 

Color: typical “lead-gray.” Streak: same as color and easily ob- 
tained on a streak plate because of its softness. 

Occurrence: Galena is found in many different kinds of rocks all 
over the world, being one of the most widely distributed and plentiful 
of the metallic sulphides. It is extensively mined in the Missouri- 
Kansas-Oklahoma district, also in Idaho. Utah and Colorado. Much of 



Fig^ure 207. Galena, Crystals on Dolojmite, near Joplin, Missouri 
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the granular ore carries silver, making it more valuable for the silver 
than for the lead. 

Cerussite, “white lead ore,” is lead carbonate, PbCOs. 

Hardness: 3 to 3.5. Specific gravity: about 6.5; heavy! 

Fracture: eonchoidal. Tenacity: very brittle when crystallized, fair- 
ly tough in masses. 

Luster: quite variable; usually adamantine, sometimes resinous, 
\utreous, or pearly. 

Color: usually white or gray. Streak: uneolored. 

Transparent to nearly opaque. 

Crystal form: orthorhombic. Crystals usually complex and often 
twinned. Reticulated crystallization, figures 97, 208, common. Usually 
massive. 



Figure 208. Cerussite, Reticulated Crystals, Broken Hill, New South Wales 

Occurrence : Cerussite is formed by the action of a solution of cal- 
cium bicarbonate on galena. It is, therefore, often found with an un- 
altered core of galena. It is a common ore in lead mines and often 
carries much silver. The largest and finest crystals come from the 
Organ Mountains, New Mexico. Beautiful aggregates of snow-white, 
slender prismatic crystals are found in Arizona. Colorado, Idaho and 
elsewhere. Broken Hill. New South "Wales yields magnificent reticulated 
groups. There are many other occurrences worthy of mention. 

Distinguished from aiiglesite by effervescing in acids. The massive 
mineral often resembles a (piartzite rock, but a drop of acid will estab- 
lish its true character. 

Anglesite, lead sulphate, PbS 04 . is a fairly abundant ore of lead. 

Hardness: about 3. Specific gravity: about 6.3. nearly the same as 
cerussite, much heavier than most non-metallic minerals. 
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Tenacity; very brittle. Fracture: eonehoidal. 

Color: colorless, white or gray. Luster: adamantine. 

Streak : uncolored. 

Transparency : transparent to opaque. 

Crystal form: orthorhombic, usually simple double-pyramids or else 
prismatic and highly complex. Often massive. 

Occurrence : formed by the alteration of galena with which it is usual- 
ly associated; often in nodules, with concentric banding, surrounding: 
a core of unaltered galena, as in the Castle Dome District, Arizona, at 
Dividend, Utah and in Queensland. Magnificent crystals come from 
Sardinia; Broken Hill in New South Wales; Phoenixville, Pennsylvania 
and many other localities. 

Uses: an important ore or lead. 

LITHIUM MINERALS 

Lithium does not occur free in nature. It is the lightest of all 
metals, though too rare to have any large commercial uses. Its com- 
pounds are used in medicine. They are recognized by the purplish-red 
color they impart to a flame. 

Lepidolite — see page 230. 

Amblygonite, is a comparatively rare aluminum and lithium phos- 
phate, containing also lithium fluoride (see page 25). Its most com- 
mon occurrence is in white, eleavable masses, resembling feldspar from 
which it is readily distinguished by the ease with which it melts in a 
hot flame, or by its cleavage angle, which is quite different from the 
right angle cleavage to which all the feldspars approximate. 

Its hardness is 6. which distinguishes it from ealcite. 

Specific gravity: about 3.0. It is the mineral commonly used for ex- 
traction of lithium salts. Found in pegmatite in Maine, California and 
France. 

Spodumene is an aluminum and lithium silicate. LiAlSi206- Hard- 
ness: 6.5 to 7 ; specific gravity: 3.20. It is notable among all minerals 
for the enormous size of some of the crystals, which have been found up 
to forty-seven feet in length, with weight estimated at ninety tons 1 
In form they are monoelinie, not unlike some pyroxene, flat and pris- 
matic. Cleavage is easy parallel to the prism. Common color is white. 
It has been used as a lithium ore. Found in pegmatite in Connecticut, 
South Dakota and elsewhere. 

Hiddenite is a very rare variety of spodumene having a rich yellowish 
to emerald-green color. Magnificent gems have been cut from small 
crystals found at Hiddenite, North Carolina. 
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Kunzite is a lilac-colored variety found in California and Madagascar. 
Superb, transparent crystals occur, worth thousands of dollars and 
yielding magnificent gems. 

MAONESIUM MINEEALS 

Magnesium is not found native. It is a brilliant metal, slightly 
lighter than aluminum and is rapidly assuming major importance in 
many light alloys, especially with aluminum. It is also used in fire- 
works and for flashlights in photography. The metal is manufactured 
in the United States exclusively from magnesium chloride, recovered 
from treatment of salt-well brines, as at Midland, IVIiehigan. Mag- 
nesium is a constituent of many important rock-forming minerals. 

Magnesium Minerals. The commonest magnesium minerals are mag- 
nesite and dolomite. Spinel is described under aluminum. Serpentine, 
talc, amphibole, pyroxene, and chrysolite, which are rich in magnesium, 
are of greater importance as rock-forming minerals and are described 
in that section. 

Magnesite is magnesium carbonate, MgCOg. 

Hardness; 3.5 to 4.5. Specific gravity : about 3.0S. 

Form : usually in very compact masses ; rarely crystalline, resembling 
coarse dolomite; sometimes in distinct cleavages. Its rhombohedral 
crystals are almost never seen. 

Cleavage; rhombohedral, distinct. Fracture; conchoidal. flat. 

Tenacity: tough in amorphous form; becoming brittle when in 
crystals. 

Luster: dull when massive, vitreous in crj'stals. Nearly opaque to 
translucent. 

Streak: white. Color: white, occasionally gray or yellow; rarely 
brown. 

Occurrence: The Grecian deposits have been the chief source of the 
imported, crude commercial mineral, though the amorphous mineral is 
mined in California and the crj'stalline in Washington. 

Uses: Magnesite has many uses as a refractory and in insulation, also 
in medicines, in paper making and in the manufacture of carbon 
dioxide. 

Dolomite, like calcite. is a carbonate of calcium, but half of its 
calcium is replaced by magnesium; formula is (Ca,Mg)C 03 . 

Test its hardness and you will find that it scratches calcite, but not 
fluorite, so it is 3.5. Specific gravity: about 2.8 to 2.9. 

The fundamental form of its crystals is the rhombohedron and, un- 
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like caleite, it is usually found in simple rhombohedrons and rarely in 
prisms or scalenohedrons. The rhombohedrons are often curved and 
quite commonly small crj’stels group themselves regularly at a slight 
angle to each other in such a manner as to form “saddle-shaped” 
crystals, as shown in figure 209. Twins, figure 210, are common. 


Figure 209. 



Dolomite, Saddle-shaped Group of Crystals 


Its color is usually white, but often tinted pink as in the Joplin, Mis- 
souri region. 



Figure 210. Dolomite. Twinned Rhombohedrons 


Dolomite has excellent rhombohedral cleavage like calcite, and greatly 
resembles it, but it can be distinguished by the differences noted above. 

It is not so easily acted on by acids as calcite, for it does not fizz 
briskly until heated in dilute acid. 

Occurrence. It is very abundant in nature as dolomitic limestone, 
many great rock masses being composed entirely of this mineral, as in 
the “Dolomite Alps" of the Tyrol. Much marble is also dolomite. 

Brucite is magnesium hydrate, or hydrated oxide of magnesium. 
Mg(OH).. 

Hardness: 2.5. Specific gravity: 2.4. Cleavage: basal, perfect. 
Sectile. Color; white, sometimes pale blue or green. The most notable 
American locality for specimens was in Lancaster County, Pennsylvania, 
which produced beautiful, pearly, hexagonal, tabular crystals and 
rosettes. It has always been regarded as a rare mineral, but immense 
deposits in Nevada now furnish it by the carload. A fibrous variety. 
nemalite, occurs at Hoboken, New Jersey. 
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MANGANESE MINERALS 

Metallic Manganese does not occur in nature and is not used as such 
in the arts, but when alloyed with iron it is of transcendent importance. 
‘‘Spiegeleisen'’ is such an alloy carrying less than 20 per cent of man- 
ganese. Alloys earrjung over 20 per cent and on up to 90 per cent 
manganese are called “ferro-manganese.'’ These alloys when added to 
steel impart to it greatly increased strength and hardness, making ex- 
cellent material for armor plate and burglar-proof safes. 

Manganese Minerals: Manganese is present as an essential con- 
stituent in about one hundred and fifty different minerals. Very few 
of these are common or of commercial importance and many of them 
are exceedingly rare, but some of them are found in mineral specimens 
of great magnificence. Those minerals only which it is most important 
for the beginner to know are treated here. These are: pyrolusite, 
psilomelane, rkodochrosiie, rhodonite. Franklinite is described under 
zinc minerals. 

Pyrolusite, manganese dioxide, MnOo, in its commonest form, is an 
opaque, black, ynassive mineral, so exceedingly soft that it soils the 
fingers. In this form it is one of the most abundant of the manganese 
ores. Occasionally it occurs in groups of orthorhombic crystals, with 
brilliant metallic luster and blackish-steel-gray color, with black or 
hluish-black streak, of greater hardness, but not in excess of 2.5. and 
specific gravity of 4.S2. Dendrites, figures 137, 13S, see page 101, are 
often pyrolusite. 

Occurrence : Pyrolusite is ttsually closely associated or mixed with 
psilomelane in localities too numerous to mention. Nova Scotia has 
produced excellent radiated masses and good groups of crystals. Prob- 
ably the finest specimens come from Germany. 

Psilomelane consists of manganese oxide with the addition of water 
and usually either barium oxide or potassium oxide. Its composition is 
quite indefinite owing to impurities which are almost always present. 

Hardness : 5 to 6, much greater than pyrolusite. 

Specific gravity: about 4.2. Tenacity: brittle. Fracture: smooth- 
conchoidal. 

Color: black to dark gray. Streak: brownish-black, lustrous. 
Opaque. 

Form: massive, botryoidal, mammillary, stalactitic ; often banded with 
pyrolusite. 

Distinguished from pyrolusite by its streak and superior hardness; 
from limonite by its streak. 



190 


GETTING ACQUAINTED WITH MINERALS 


Occurrence : a widely distributed and very plentiful ore of manganese. 
Many German localities yield choice specimens. Great deposits occur in 
Russia, India, Brazil and elsewhere. 

Rhodochrosite, “manganese spar,” is manganese carbonate, MnCOs. 
It is distinguished from all other manganese minerals liy its crystals of 
rhombohedral forms and its beautiful pink color. The beginner must, 
however, be constantly alert for different forms and colors than those 
with which he has already become familiar. In this mineral it is pos- 
sible, though not likely, that he may meet it in scalenohedrons (see 
page 55) and that they may be of a deep red color; or he might find 
the mineral white or gray or even brown and in globules. Quite fre- 
quently it is granular-massive. In general, however, it is safe to speak 
of it as a pink mineral occurring in rhombohedrons, not infrequently 
cuiwed, or in masses with rhombohedral cleavage. 

Hardness: 3.5 to 4.5. Specific gravity: about 3.55. Tenacity: brittle. 
Luster: vitreous to pearly. Streak: white. Transparent to opaque. 

Dissolves with effervescence (fizz) in warm acid, like all carbonates. 

Occurrence: It is frequently found in veins with other ores of 
manganese, also with silver, lead and copper ores. Occurs at Butte. 
Montana in sufficient quantity to be utilized as an ore of manganese. 
The finest specimens in the world come from Alma, Colorado, where it 
occurs in groups of large rhombohedrons of richest, rose-red color; 
also in groups of small rhombohedrons of much beauty at Alicante, 
Colorado and in groups of opaque, curved rhombohedrons of pale pink 
color near Lake City, Colorado and at Kapnik, Roumania ; also in groups 
of scalenohedrons in Westphalia. 

Rhodonite is manganese silicate, MnSiOs. 

It often resembles rhodochrosite in its pink color, but is distinguished 
from it by its greater hardness, 5.5 to 6.5, its nearly cubical cleavage, 
while rhodochrosite is rhombohedral ; also by its markedly different 
forms of crystals, which are triclinic. The hardness test is usually 
sufficient. 

Specific gravity: about 3.6. 

Tenacity: Crystals are brittle; masses are very tough. 

Transparency : Small crystals are often transparent; large crystals 
and masses are tran.slucent to ojiaque. 

Color: usually some shade of pink or brownish-red, changing on ex- 
posure to black. 

Luster: vitreous. Streak: white. 

Occurrence : The most notable locality is the Ural Mountains. Here 
it is found in granular-massive form, resembling a pink marble. It oc- 
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eurs similarly in Cummington, Massachusetts, in "Washington and else- 
where. By far the most magnificent specimens are the crystals of the 
zinc-bearing variety called foivlerite at Franklin, New Jersey. These 
sometimes attain a size of six inches or more. 

Uses: The compact-granular varieties from Russia are highly prized 
as ornamental stones and are cut into table-tops, vases, paper-weights, 
jewel boxes and decorative objects of many kinds. The mineral from 
Washington is pale pink and is associated with a blackish-green amphi- 
bole. It would make a fine decorative stone. 

MERCURY MINERALS 

Mercury, or Quicksilver, is the only metallic element found in 
nature as a liquid at ordinary temperatures. It becomes solid (freezes) 
at -39° Fahrenheit. It is exceedingly hea\’y, having a specific gravity of 
13.6. 

Uses: As it is the “metal of a tliousand uses,” many of which are 
highly technical, it is not surprising that its well-known household use 
in thermometers consumes but a fraction of one per cent of the output. 
Formerly it was extensively used in the amalgamation process for re- 
covery of gold. Some of its principal uses are in preparing drugs and 
chemicals, in scientific apparatus and for fulminate in blasting caps and 
ammunition. 

Native Mercury, sj'mbol Hg, is found in many quicksilver mines, oc- 
casionally in sufficient quantities to be an important source of the metal. 

Cinnabar, mercury sulphide, HgS, is the most abundant ore of 
mercury. Its most distinguishing property is the scarlet-red color of its 
streak. Its surface color varies from scarlet to cochineal-red, brownish- 
red, fading into dull gray. The earthy forms usually have a scarlet 
color and are opaque and dull; while the crystallized types often have 
a deep, rich, almost ruby-red color and at times are tratisparent, with 
adamantine luster. 

Hardness: 2 to 2.5. Specific gravity: about S.l. one of the heaviest 
of minerals. Crystals: rhombohedral, often complex, or in six-sided 
prisms. 

Occurrence : Almaden, Spain, is the riche.st and most celebrated lo- 
cality. Idria and Monte Amiata in Italy are large producers, the latter 
yielding a peculiar crystalline-fibrous type. In the L'liited States, there 
are many mines in California, Washington, Texas and elsewhere. The 
most wonderful specimens are the large twin crystals from Hunan 
Province, China. 

Uses: It is the most important ore of Mercury. 



192 


GETTING ACQUAINTED WITH MINEEALS 


MOLYBDENUM MINEEALS 

Molybdenum does not occur in nature. It is a silvery-white metal, 
of about the same weight as copper, possessing great tensile strength. 
It is of considerable importance in the manufacture of special steels 
which are used extensively in aircraft and automobiles. Molybdenum 
vrire and sheets are used in the radio industry. Molybdenum compounds 
are used in the manufacture of chemicals and dyes. 

The chief ores of molybdenum are molybdenite and widfenite. 

Molybdemte, molybdenum sulphide, M 0 S 2 , is much the commonest 
of the molybdenum minerals. 

Hardness: 1 to 1.5; very soft, soiling the hngers. Specific gravity: 

4 . 7 . 

Tenacity: flexible, but not elastic; sectile. 

Cleavage: basal. Structure: foliated or fine-granular. 

Luster: metallic, brilliant. Color: lead-gray. 

Streak: greenish, but makes a bluish-gray mark on paper. 

Feel: greasy. 

Form: crystals are hexagonal. Usually in scales, scattered through 
the rock, like graphite. 

Distinguished from graphite, which it much resembles, by its color 
and greater weight. 

Occurrence: It is a widely distributed mineral, usually in small 
quantities. The mine at Climax, Colorado is the chief source of supply. 
It is also produced in New South Wales (fine specimens!), Canada and 
many other countries. 

Wulfenite, lead molybdate, Pb]Mo 04 , is a mineral whose specimens 
often possess great beauty of color and form. It is usually in thin, 
tabular crystals of tetragonal form, though stout, double pjmamids, often 
rounded and modified, are not uncommon. The prevailing color is light 
yellow, which grades off to orange and rich scarlet or aurora-red, or to 
greenish, white or uray. 

Hardness: 3. Specific gravity: 6.7. 

Tenncdy: exceedingly brittle. Luster: resinous to adamantine. 

Streak: white. to nearly opaque. 

Occurre nee : ^Magnificent specimens come from several localities in 
Arizona. New Mexico, iMexico. Jugoslavia and elsewhere. It rarely oc- 
curs in suftii?ieiit quantity to be an ore. though small quantities have 
been mined for their molybdenum. 
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NICKEL MINERALS 

Nickel is not found in nature. It is a white metal, hard, malleable, 
taking a high polish and not readily tarnishing. Its most important use 
is in alloys with other metals, as in nickel-chromium steel, ‘‘monel metal,” 
“German silver,"’ and nickel steel. Our five-cent piece, popularly called 
“a nickel,” is three-fourths copper and one-fourth nickel. Nickel-plated 
objects are familiar to everyone. 

Nickel Minerals. It may surprise a beginner to know that nickel 
forms an essential part of some two-score of minerals, for it is not at all 
unlikely that he may collect in a large number of localities, for many 
years, without ever meeting one of the nickel minerals. Not one of them 
is a common mineral. It is worthy of note that the largest nickel mines 
in the world, those at Sudbury, Ontario, derive their chief supply of 
nickel from pyrrJiotite, in which nickel occurs as an impurity and is not 
essential. This mineral is described on page 179. The nickel-bearing 
pyrrhotite does not differ in general appearance from pure pyrrhotite. 

Niccolite, a compound of nickel and arsenic. NiAs. is an important 
nickel ore at Cobalt. Ontario. It occurs as a pale copper-red, metallic 
mineral, with a brownish-black streak and dark tarnish. Hardness: 5 
to 5.5. Specific gravity: about 7.5. It is usually massive and often is 
associated with smaltite. 

Pentlandite, a sulphide of iron and nickel. (Fe.NLS. greatly re- 
sembles pyrrhotite. in which it is usually imbedded at Sudbury. It 
may be distinguished by its brillant cleavage faces. Its presence in 
pyrrhotite renders this otherwise barren mineral a rich nickel ore. 

Gamierite is a hydrated nickel-magnesium silicate. It is a soft, ex- 
ceedingly brittle, pale to dark green, massive mineral. It is found in 
New Caledonia in such large quantities as to make this island the second 
largest producer of nickel. 

PLATINUM MINERALS 

Platinum, symbol Pt, is one of the few metals which is found native, 
though it never occurs in larue quantities. It has a hardness of 4. to 4.5 
and. when pure, a specific gravity of 21.5, but owing to impurities, it 
is usually as low as 14. to 17.. chiefly because of the presence of iron, 
which renders it magnetic. 

Color and streak: pale steel gray. Teoiacity: malleable and ductile. 
Infusible, and not dissolved by any one acid: therefore of great value 
in laboratory* apparatus. 
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Occurrence : It is generally found in grains or scales, in alluvial de- 
posits, associated vith iridosmine, gold and chromite. Occasionally in 
nuggets, up to 294 ounces. The Ural Mountains have long been the 
world’s chief source of supply, with minor quantities coming from Colom- 
bia, Brazil and elsewhere. Recently large deposits of platinum-bearing 
rocks have been discovered in South Africa. 

TJses: Its chief uses are for laboratory apparatus, jewelry, in den- 
tistry, and for the tips of fountain pens, for which it is alloyed with 
iridium and osmium. 

Identification; It is inferior in hardness to iridosmine, not so light in 
color and not brittle. If in crystals, they are cubical, while those of 
iridosmine are hexagonal plates. 

Value: It has varied greatly in value. During the great war its 
price rose to over $200 per ounce; probably its average price will be 
about the same as gold. 

Platinum is not likely to be found in the field by the beginner, but 
its great value and importance make it desirable that he be able to 
recognize it if he should come across it, and no prospector should be 
ignorant of its appearance. Look it up in a public museum. 

Sperrylite is a rare platinum arsenide, PtAs 2 , which has been found 
in minute, isometric crystals, with tin-white color and brilliant metallic 
luster, near Sudbury, Ontario, and in the Transvaal, South Africa, in 
larger and very fine crj'stals. It is a valuable platinum ore. 

POTASSIUM MINERALS 

Potassium does not occur native, but its compounds are so essential 
to the fertility of soils that some knowledge of them is important. Coyn- 
mon feldspar and muscovite mica contain in the aggregate far more 
potassium than other minerals, but unfortunately the difficulties of ex- 
tracting it are so great that the commercial supplies are obtained from 
other sources. 

For a half a century, up to the time of the world war, the “potash 
fertilizers” from the great depo.sits at Stassfurt, Germany supplied the 
world. Many millions of tons of sijlvite and carnallite, both soluble 
salts, have been removed. Similar deposits occur in Alsace-Lorraine 
and recent discoveries in Texas and New Mexico indicate that large de- 
posits of these minerals are present there. The vast deposits of leucite 
in M yoming and the alunite in Utah give our country reserves of potas- 
sium minerals which can be drawn upon when needed. 

The potassium compounds have many other important uses, such as 
in making liquid and soft soaps, in photography and medicine, in fire- 
works and explosives, and in glass making. 
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Sylvite is potassium chloride, KCl, the potassium mineral cor- 
responding to halite. Like it, sylvite is soluble in water and has a 
saline taste, though bitter. Hardness; 2. Specific gravity: 1.98. 
Colorless, when pure. Cleavage: cubic and perfect. Crystals are 
isometric, but scarce. It is usually in granular-crystalline masses. 

Carnallite is a hydrous chloride of potassium and magnesium, 
KMgClg.GHaO. 

Hardness: 2.5. Specific gravity: 1.60. Color: white or brick-red. 
Luster: greasy. Taste: bitter. Deliquescent, slowly absorbing water 
from the air. Crystals: orthorhombic, usually complex, rare ; commonly 
in granular masses. 

Leucite: see page 225. 

Alunite is a comparatively rare hydrous sulphate of aluminum and 
potassium, KAI 3 S 2 O 11 . 3 H 2 O. 

Hardness: 3.5 to 4. Specific gravity: 2.6. Color: white, gray or 
pale pink. Usually fine-granidar. 

Occurrence : There is a large deposit in Southern Utah of commercial 
importance. Also is found abundantly in Italy and New South Vales. 

Other Potassium Minerals: There are scores of other potassium- 
bearing minerals, many of them of considerable importance. 

SILVRR MINERALS 

Silver is the precious metal of the masses, being used as the standard 
coin in manj^ sections of the world. It is also extensively employed in the 
household for silverware of many kinds, and in the cheaper jewelry. It 
is the best conductor of electricity. Silver compounds are of inestimable 
value in photography' and medicine. 

Native Silver, symbol Ag, does not often greatly' resemble silver- 
ware, for it is apt to have a rough surface and a tarnish, which varies 
from a reddish-bronze, almost like copper, to an almost golden-yellow, 
or sometimes to a dull black. If not tarnished, native silver is white, 
and has a brilliant metallic luster. 

Hardness: 2.5 to 3. Specific gravity: 10.5. Tenacity: malleable to 
a remarkable degree and highly' ductile. Fracture: hackly. 

Form: Distinct, isometric cry'stals are comparatively rare, usually 
they are poorly developed and arborescent or reticulated. Irregular 
masses, flakes, leaves or scales are common. Wire silver is frequently 
found, in either very slender or stout threads, figure 211 . 

Oecurre'nce : Though widely distributed, it is not the most important 
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ore of silver. The mines at Kongsberg, Norway, have been producing 
it for hundreds of years, yielding the world's most magnificent specimens, 
both of crystals and wire silver, the latter sometimes reaching the size 
of a man's arm. Cobalt. Ontario has been a prolific producer of masses. 
Beautiful specimens often attractively associated with copper, come from 
the Lake Superior region. Aspen, Colorado was formerly a great pro- 
ducer; one mass of pure silver weighed 1S12 pounds. Mexico, Chile, 
Germany and many other countries have been large producers. 



Jr igure 211. ire siUer on Calcite, Faterson, New Jersey, Courtesy of J. A. liren/ig 

Silver Ores, as a rule, do not show the individual silver minerals to 
which they owe their value, with sufficient distinctness to enable the 
beginner to recognize them. If a visit is made to a silver mine, it i' 
likely that several different minerals will be found, the most important 
of which are : 

Argentite, ■’.silver glance." silver sulphide. AgoS, is a blacJcish-gray 
mineral, so soft that it is readily cut with a knife, thus revealing its 
shining streak of the same color. It is probably the most abundant 
silver ore. 


Polybasite, a compound of silver with sulphur and antimony 
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AggSbSe, an iron-hlack mineral with black streak and metallic luster, 
distinguished by its cherry-red color in thin slivers. Usually massive. 
but when in crystals they are always six-sided and tabular. 

Stephanite, “brittle silver,” is also a compound of silver with sul- 
phur and antimony, Ag 5 SbS 4 , and much resembles polybasite, but is 
absolutely opaque even in thin slivers. Usually massive and disseminat- 
ed through the rock. 

Proustite, “light ruby silver,” is a compound of silver with arsenic 
and sulphur, SAgoS.As^Ss. It is characterized by its rich, cochineal- 
red to scarlet color and scarlet streak. Superb crystals from Chile are 
transparent and of large size, and rank among the very finest of all 
mineral specimens. "When massive, sometimes much resembles cuprite, 
realgar or cinnabar. 

Pyrargyrite, “dark ruby silver,” is a compound of silver with 
antimony and sulphur, SAgoS.SboSs. It is not so transparent as 
proustite, of darker color, often grayish-black, and has a purplish-red 
streak, much darker than that of proustite. It is fairly common in 
good six-sided, prismatic crystals, but is usually massive, often in thin 
flakes on the rock. 

Cerargyrite, “horn silver,” is a chloride of silver, AgCl. 

It is very soft, hardness 1. to 1.5, and therefore, readily cut with a 
knife; but its most remarkable characteristic is that it is highly sectile, 
being easily cut into shavings. When exposed to light it darkens to a 
peculiar violet-brown color and becomes opaque; but if not exposed to 
light it may be perfectly colorless, white or gray, and quite transparent. 
Its luster is resinous to adamantine. If in crystals they are usually 
cubes. 

Embolite is a compound of silver with chlorine and bromine. 
Ag(Cl.Br). It has the same general appearance as cerargyrite and 
many of its properties are the same, but its color is ordinarily greenish 
or yellowish, darkening on exposure to light. Its crystals are more com- 
mon than those of cerargyrite and are usually cubo-octahedrons (see 
page 45). It is plentiful enough to be an important silver ore. 

lodyrite is silver iodide, Agl. It is distinguished from the two 
minerals last mentioned by its bright yellow color and the hexagonal 
form of its crystals. It is much rarer. 


Other sources of Silver. Only about one-third of the world’s silver 
output is derived from ores having silver as a highly predominant factor. 
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Much of it is recovered from the mining of silver-bearing galena, chal- 
cocite, tetrahedrite and other minerals which are essentially ores of lead 
or copper. 

SODIUM MINERALS 

Sodium does not occur native for the good reason that it has a very 
strong affinity for oxygen. It is, however, of great interest to the 
chemist. It is a silver-white metal, lighter than water and, while floating 
on its surface, reacts violently, decomposing the water with release of 
hydrogen and production of sodium hydroxide. 

Sodium compounds are essential to life and civilization, yet it is 
quite possible that the beginner will meet but one of them, halite, in 
field collecting, and the others are of small mineralogical importance. 

Halite, “rock salt,” is sodium chloride, NaCl. 

Hardness: 2.5. Specific gravity: 2.16. Cleavage: cubic and very 
perfect, figure 106, (see page 77). Color: when pure, colorless to white. 
Transparent to translucent. Taste: saline; soluble in water. 

Crystals: isometric, nearly always in cubes, figure 85, but frequently 
skeletonized or hopper shaped, figure 86, page 65. 

Occurrence: Halite is present in sea water everj^where, averaging 
about 2.5%, and also in larger percentage in salt lakes. Vast deposits 
of rock salt occur in many parts of the world, notably in New York State, 
Michigan, Austria, and Germany. These are the result of the drying 
up of confined bodies of salt water. 25,000.000 tons is the approximate 
annual world production of salt, of which about 8,000,000 tons were pro- 
duced in the United States. It is u.sually associated with gypsum, and 
in the Western states the “salt domes” frequently lead to the discoverj' 
of petroleum. 

Uses: Salt is vital to the life of man and of many animals. It is used 
as an essential article of diet, as a preservative of food and is the chief 
source of sodium compounds used in dyeing, bleaching, oil refining, and 
in the manufacture of glass, soap, and many other products. 

Cryolite, “ice-stone.” is a fluoride of sodium and aluminum, 
NasAlFfi. 

Hardness: 2.5. Specific gravity: 3.00. 

Crystals: rare: monoclinic, closely resembling cubes, often in parallel 
position. Usually mas.sive, sometimes with well-developed cleavage, ap- 
pearing cubic. 

Color: usually snow-white to colorless and traaislucerd, somewhat re- 
sembling alabaster. Occasionally smoky. 

Easily fusible, even in candle flame. 
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Occurrence: The only commercial source of supply is near Ivigtut, 
Greenland. 

Uses: Its easy fusibility suggested its use as a flux in the electrolytic 
manufacture of aluminum from bauxite. It is also used in the making 
of sodium salts, and some kinds of glass and porcelain. 

Other Sodium Minerals: Sodium is an essential part of about one 
hundred and fifty minerals, the large majority of Tthich are rock-form- 
ing minerals. Some of these are described in that section, including 
several of the feldspars, nephelite, cancrinite, sodalite, lazurite, wer- 
nerite and some of the zeolites. All of these minerals are silicates. 

Trona is the most commonly occurring sodium carbonate. 

Soda niter, “Chile saltpeter,” is an important sodium nitrate. 

Borax, see page 144, is a sodium borate. 

Kernite, see page 145, is also a sodium borate. 

Thenardite, glauberite and mirabilite are sodium sulphates. 

STRONTIUM MINEEALS 

Celestite is strontium sulphate, SrS04. It often resembles barite 
in the form of its crystals and in its cleavage. Its specific gravity is less. 
3.96. 

Hardness: 3. to 3.5. Luster: vitreous to pearly. 

Colorless, white, pale blue, or red. Transparent to translucent. 

Occurrence : It is usually found in limestone or sandstone, associated 
with ealcite, gypsum, or sulphur. The finest specimens are from Lake 
Erie, California, England, and Sicily. Fibrous celestite is not uncom- 
mon. 

Distinguished from barite most readily by heating a fragment in- 
tensely in a flame to which it then imparts a crimson color, while barite 
gives a yellow-green. 

Uses: for fireworks and in refining sugar. 

Strontianite is strontium carbonate, SrCOs. It is usually in radiat- 
ed crystalline masses of yellowish-white color. 

Hardness: 3.5 to 4. Specific gravity : 3.7. 

Uses: similar to celestite. 

Occurrence: The best specimens come from the commercial deposits 
at Hamm, Westphalia. 
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SULPHUR MINERALS 

Sulphur, symbol S, is by far the most abundant of the non-metallic 
native elements 

Hardness: 1.5 to 2.5. Specific gravity: about 2.0. 

Its prevailing color is so characteristic that it is known as “sulphur 
yellow,” yet sulphur is often yellowish-gray, greenish-gray or browiiish- 
red. Crystals usually have the typical color, but masses are apt to be 
impure and of duller tints. Streak: white or pale yellow. 

Luster: adamantine on crystal faces, resinous elsewhere. Crystals 
often transparent or translucent, while masses are nearly opaque. 

Cleavage: not distinct. Fracture: eonchoidal to uneven. 

Tenacity: crystals are exceedingly brittle; masses may be somewhat 
sectile. 

Conductivity : A cold crystal placed in the hand cracks, because it 
is a non-conductor of heat, the warmth of the hand being unequally 
distributed. If held to the ear this cracking is easily heard. It is also a 
non-conductor of electricity. When rubbed it becomes negatively 
charged. 

Distinguished from all other minerals by melting a little above the 
boiling point of water and, when further heated, igniting, burning with 
a blue flame and yielding suffocating fumes of sulphur dioxide. 

Form: Crystals are orthorhombic, commonly in double pyramids, 
but often modifled by other faces. It is also found flbrous. earthy, or 
in masses of various shapes. 

Occurrence: Sulphur is widely distributed. It is chiefly found as- 
sociated with gypsum, as a result of volcanic activity. Sicily was form- 
erly the major source of supply and still furnishes by far the most 
beautiful specimens, but commercially it has lost its importance because 
of the discovery of enormous deposits in Texas and Louisiana. These 
states now supply some 2.000.000 tons annually, worth nearly $25,000.- 
000. It is found here at a depth of 600 to 1100 feet and averages 125 
feet in thickness. It has been estimated that these great deposits con- 
tain six times as much sulphur as is known in all the rest of the world. 
It is broucrht to the surface by forcing steam down through pipes, 
meltintr the mineral and then pumping it to the surface, where it is dis- 
charcred into huce vat« and solidifies. It is frequently found around 
fnmaroles and hot .springs, as in the Yellowstone Park. 

Fses: By far the most important use of sulphur is in the manu- 
facture of sulphuric acid, the most important of all chemicals. It is also 
employed in makins' paper, matches, cmnpowder. fireworks, insecticides, 
fertilizers and in vulcanizing. Since the di.scovery of the Texas deposits 
it has largely supplanted pyrite in the manufacture of sulphuric acid. 



DESCKIPTIONS OF MINERALS 


201 


Other Sulphur Minerals: Sulphur occurs iu vast quantities com- 
bined with many of the metallic elements, forming the very important 
class of sulphides, page 25, which includes many of the most important 
ores of the metals, such as galena, chalcocite, chalcopyrite and sphalerite, 
also pyrite and pyrrhotite. 

Another large class of sulphur compounds is the sulphates, page 28. 
in which sulphuric acid has united with the metallic oxides. Among 
the most important of these are barite, celestite, gypsum, anhydrite and 
anglesite. 


TIN MDTEEALS 

Everyone is familiar with the appearance of artificial metallic tin. 
but the native metal is practically unknown. Thin sheets of iron or 
steel are plated with tin by merely dipping into the melted metal. 
They are then made into tin cups, pails, plates and many other inex- 
pensive articles. Tin cans are manufactured by the million and much 
tin is used in making bronze and soft solder. 

Cassiterite, tin oxide, SnOo, is the only abundant ore of tin and un- 
fortunately very little of it is known to exist in the United States. 

Hardness: 6 to 7, hard. Specific gravity: about 7. notably heavy. 

Luster: in crystals, adamantine; masses, often dull. 

Color: usually brown or black, but occasionally yellow, ruby-red, gray 
or white. 

Streak: obtainable by pulverizing, usually pale brown to nearly 
white. 

Transparency : commonly nearly opaque, but occasionally perfectly 
transparent. Such material shows its high index of refraction by yield- 
ing gems with a wonderful play of colors. 

Crystal form: tetragonal, with twins very common and their com- 
plexity disguising the form. Well developed four-sided prisms, term- 
inated by four-sided pyramids, are sometimes found. 

Structure and form: Most of the tin of commerce is obtained from 
‘'stream-tin,” which usually consists of more or less rounded, small grains 
or pebbles, w'ith little structure. “Wood-tin" is in nodules, or of bot- 
ryoidal forms, figure 212. having fibrous-radiated structure. 

Occurrence: Cassiterite is widely distributed. The famous mines of 
Cornwall. England have been worked for hundreds of years and form- 
erly were the chief source of supply. Now the Malay Peninsula has 
taken the lead, the ore being almost exclusively “stream-tin.” Magnifi- 
cent tvdn crystals come from Bohemia and a number of German local- 
ities, while the finest in the world are found in Bolivia. Beginners who 
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riKure 212. Cassiterite, Wood Tin, Durango, Mexico 


desire to have the mineral from the United States will find its occur- 
rence in the Black Hills of South Dakota fairly attractive. 

Other Tin Minerals : MTiile tin occurs as stannite, and in a number 
of other minerals, they are unimportant as sources of supply. 

TITANIUM MINEEALS 

Metallic titanium does not occur native, but its oxide is fairly abun- 
dant as the mineral rutile, and occurs still more plentifully combined 
further with iron, as the mineral ilmenite. 

Titanium when added to steel removes the oxygen at the time of 
casting. It is of increasing importance as a pigment. 

Rutile is titanium dioxide, TiOo. 

Hardness: 6. to 6.5, hard. Specific gravity; about 4.2. 

Cleavage: prismatic, well developed. Fracture: subconchoidal, to 
uneven. Tenacity: moderately brittle. 

Luster: a peculiar metallic-adamantine. 

Color: usually reddish-brown to black. Streak: light brown. 

Transparent to opaque. 

Form: Crystals are tetragonal, commonly prismatic and generally 
complex throujrh twinning, which is often repeated as shown in figure 
213. 

Occurrence : Rutile is widely distributed in small masses or crystals. 
One of its most important commercial localities is in Nelson County, 
Virginia. It is often found in slender needles or hair-like crystals, 
sometimes enclosed in clear quartz, forming rutilated quartz, as in Brazil 
and Madagascar. The best crystals come from Graves Mountain) 
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Georgia. Excellent specimens are also found in North Carolina, Arkan- 
sas, Pennsylvania and many other localities. 

Uses: Rutile is the best ore of titanium. It is chiefly used in the 
ceramic industrj^ to add color and strength. 



Figure 213, Rutile, Prismatic Crystal- Showing Repeated Twinning, Alexander 

County, North Carolina 


Ilmenite, or menaccanite, iron-titanium oxide, FeTiOg is the mo^t 
abundant titanium mineral. 

Hardness : 5 to 6. Specific gravity: 4.5 to .3. Fracture: conchoidal. 
Tenacity: brittle. Luster: submetallic. Color: iron-black. 

Streak: black to reddish-brown. Opaque. Slightly magnetic. 

Form: crystals comparatively rare, rhombohedral. Usually massive, 
often as a black sand. 

Occurrence : Vast beds occur in the Province of Quebec, in Vir- 
ginia, and in Florida, but the chief commercial production is in India 
and Norway. Huge crystals are found at Kragero. Norway. 

Fses: Owing to its infusibility it is employed for lining puddling 
furnaces ; also used in making ferrotitanium. It is not used as an iron 
ore owing to the difficulty of extracting the iron. 

Other Titanium Minerals: Titaniferous magnetite abounds in many 
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localities, notably in the Adirondack Mountains, New York. It is not yet 
used. 

TitaJiite is a calcium silicate containing titanium, CaTiSiOs. It is 
rather widely distributed in many rocks in small monoclinic crystals, 
usually of brown color, though many other colors are found. The most 
notable occurrences from a mineralogical standpoint were the large 
brown crystals of Canada, figure 214, and the beautiful yellow, gem 
crystals of Tilly Foster Mine, New York and of the Alps. 



Brookite and Octahedrite, both have the same composition as rutile, 
TiOo, but ditfer from it greatly in form. 

Brookite occurs at Magnet Cove, Arkansas in stout orthorhombic 
crj'stals of black color and brilliant metallic luster, very different from 
the brown tabular cry.stals of the Alps. The Arkansas crystals are fre- 
quently more or less completely changed to rutile, which, while retain- 
ing the external form of brookite, shows itself as minute crystals with 
its own characteristics. 

Octahedrite is usually in small, tetragonal, elongated double pyra- 
mids, though sometimes tabular. Several Swiss localities yield excellent 
specimens, but, like brookite, it is a rare mineral. 

There are at least forty other minerals in which titanium occurs as 
an essential constituent, but all of them are rare. 

TUNGSTEN MINERALS 

Metallic tungsten is not found native and is a comparatively rare 
element. Nevertheless, its commercial uses are of such transcendent im- 
portance that every mineral collector should learn to recognize its chief 
ores, wolframite, huebnerite and scheelite, and know something about the 
metal and its unique properties. 

Tungsten has the highest melting point of all the metals, 3350° centi- 
grade, or to put it another way, it is the most difficultly fusible of all 
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metals. It is also exceedingly heavj’’, its density being 18.64, and verj’ 
hard. In many respects tungsten is superior to steel. It never rusts 
and it is not attacked by acids. It is possible, though with very great 
difficulty, to draw it into very fine wire, and this is utilized for electric 
light filaments, hundreds of millions of which are used every year. As 
these filaments consume but 1.25 watts per candle power, while the old 
carbon filaments, which they have replaced, consumed 3.25 watts for 
the same degree of illumination, the savings amount to hundreds of mil- 
lions of dollars every year. 

High speed cutting tools contain 14 to 25 per cent of tungsten and 
have effected enormous savings in machine work. They retain their 
temper even when red hot and are said to save some 25 per cent of the 
power. Tungsten steel is used for armor plate and projectiles and the 
metal is alloyed also with other metals, adding greatly to their strength. 

There are three closely related tungstates of iron and manganese ; 
Wolframite, tungstate of iron and manganese (Fe.Mn)M"04 ; Jiuehner- 
ite, tungstate of manganese, MnlV04; and ferherife, tungstate of iron, 
Fe’W'04, It will thus be seen that wolframite is a mixture, or “solid 
solution,” of the other two. 

Wolframite is the most abundant of these three minerals. It is 
characterized by its very high specific gravity, nearly 7.5. its easy cleav- 
age in one direction, its black color and streak, sub-metallic luster, and 
by being opaque. 

Huebnerite is distinguished from wolframite by never being perfect- 
ly black in color, but showing reddish-brown glimmerings when its 
masses are mostly black, while at times the whole mass is reddish-brown. 
It also has a brown or gray streak, never black. In its other properties 
it is quite similar to wolframite. 

These two minerals differ in crystallization, though both are mono- 
clinic. Wolframite has a very characteristic prismatic-tabular form, 
with chisel-edges on each side. The crystals are usually of large size. 
Huebnerite crj'stals, on the other hand, are generally bladed. small, 
striated and rarely well developed. 

Ferberite is a much rarer mineral than the other tungstates and 
u.sually occurs in much smaller, black crystals. 

Scheelite, calcium tungstate, CaW04, bears no resemblance to the 
three minerals just mentioned. It forms in tetragonal crystah, usually 
in double pyramids, either simple or modified slightly or sometimes 
much. Its hardness is 5. or slightly less; specific gravity, about 6.: 

I lister, greasy-adamantine : color, usually pale yellow, but not infre- 
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quently white, greenish or deep orange; streak, white; commonly sub- 
translucent, though at times transparent. It usually shows pale blue 
fluorescence under ultra-violet rays. 

Occurrence; All of these tungstates are commonly found associated 
with cassiterite, topaz, fluorite, apatite and quartz. Famous specimen 
localities are in Saxony and Bohemia, Portugal, New South Wales, Colo- 
rado. Commercial supplies are largely from China, Burma, Bolivia 
and the western United States. 

URANIUM MINERALS 

Uranium is one of the heaviest metals known, its specific gravity be- 
ing 18.68. It has been used as a steel alloy, but owing to its high cost 
it cannot compete with other metals. Some of the uranium compounds 
have a limited use in medicine, in pottery and in making of yellow and 
also of iridescent glass. The importance of uranium ores, however, is 
due to the fact that they always contain radium, and are really of far 
greater value for the minute quantity of that excessively rare element 
which they contain, than for their uranium. 

Uraninite is a mineral of very uncertain and variable composition. 
It always contains oxides of uranium and lead, and sometimes thorium, 
and small percentages of other elements. 

Hardness: 5.5. Specific gravity: of pure crystals, 9 or over, of mas- 
sive forms much less. Color: black. Streak; usually brownish-black. 
Opaque. 

Form; Crystals are isometric, usually in cubes or octahedrons, or 
combinations of these forms. Usually massive, and then called “pitch- 
blende;” sometimes with a botrj’oidal surface. 

Occurrence : Its most important localities are Belgian Congo, Canada, 
Czecho.slovakia. American localities of importance are Mitchell County. 
North Carolina ; Black Hawk. Colorado and Portland, Connecticut. 

Alterations : As a result of the alteration of uraninite, many minerals 
have been formed, at least a dozen new species having been discovered 
in Belgian Congo. The.se usually have beautiful bright green, yellow 
or orange colors. When in good cry.stals they are charming under the 
microscope. Orange colored gummitf. canarj'-yellow uranophane, and 
other minerals result from its alteration in North Carolina and else- 
where. 

Uses: It is an ore of both uranium and radium. 

Carnotite, a canary-yellow powder disseminated through sandstone 
or less frequently in compact masses, is an important ore of both 
uranium and vanadium, found most abundantly in Colorado and Utah. 
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Other Uranium Minerals occur in considerable numbers, but are 
quite rare. 


VANADIUM MINERALS 


Vanadium presents a striking illustration of the value of chemical 
research coupled with efficient prospecting. In 1906 the consumption of 
vanadium in the United States was about 750 pounds, in 1930 it was 
about 1,800,000 pounds, with an additional 800,000 pounds used in for- 
eign countries. This tremendous increase is due to the beneficial effect 
of adding it to steel. The automobile and railway industries are the 
chief consumers. Vanadium is also used in pharmacy, photography, 
dyeing, rubber, glass and many other industries. 

The chief ores of vanadium are patronite, descloizite, vanadinite and 
roscoelite. 


Patronite is a black, amorphous vanadium sulphide, VS 4 , extensive- 
ly mined in Peru, but not known elsewhere. 

Descloizite is a vanadate of lead and zinc, 4 (Pb,Zn)O.V 206 .H 2 O. 

Hardness; 3.5. Specific gravity: about 6.0. Tenacity: brittle. Col- 
or; usually dark brown to black, but sometimes red, yellow, gray. 
Luster; greasy. Streak; orange to gray. Transparent to opaque. 

Form: usually crystallized in orthorhombic double pyramids, or 
drusy through close grouping of multitudes of tabular crystals. 

Occurrence: Until a few years ago it was regarded as a rare min- 
eral; now there are important mines in South West Africa, and else- 
where, in which it is the principal ore. Magnificent specimens are 
found. It is also mined in Northern Rhodesia. American localities are 
chiefly in New Mexico and Arizona. 

Vanadinite is a compound of lead chloride and lead vanadate, 
(PbCl)Pb 4 V 30 i 2 - This is one of the most spectacularly beautiful of 
minerals, especially when in minute crystals viewed under the micro- 
scope. 

Hardness: 3. Specific gravity: about 6 .S. Tenacity: brittle, iws- 
ter; vitreous to resinous. 

Color; gorgeous aurora to orange-red grading into yellow and brown. 
Streak: yellowish-white. 

Transparent to opaque. 

F orrn ; hexagonal ; usually in hexagonal prisms, often modified by 

pyramids. 

Occurrence: Many localities in Arizona and New Mexico produce 
magnificent specimens. Crystals up to five inches long come from South 
West Africa. 
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Roscoelite is a vanadium-bearing mica, mined in considerable quan- 
tities in Colorado, where it occurs in soft, greenish or brown scales in 
sandstone. 


ZINC MINERALS 

Zinc is a metal of much economic importance, whose average an- 
nual production in the United States amounts to some 500,000 tons. It 
is a bluish-white metal with a specific gravity in the neighborhood of 7. 
Cast zinc is hard and brittle, but when heated it becomes malleable and 
can be rolled into thin sheets, which have many uses, as for roofing- 
gutters, boiler plates and battery cells. When alloyed with copper it 
forms brass, one of the most useful of all alloys. Iron sheets or wire 
are protected from rusting by dipping them in melted zinc which “gal- 
vanizes’ them. Zinc oxide, known to artists as “Chinese white” is in 
large demand not only as a paint, but it is also more largely used as 
a filler, especially for rubber goods, about 55 per cent of the weight of 
automobile tires being due to zinc oxide. 

There are some fifty minerals of which zinc is an essential part, but 
only a few of them are important ores. These are sphalerite, smithson- 
ite, calamine, franhlinite and ivillemite. 

Sphalerite, or “zinc blende,” zinc sulphide, ZnS, is the most abun- 
dant zinc ore and quite a eomiuon mineral. 

Hardness: 3.5 to 4. Specific gravity: about 4.0. Tenacity: brittle. 
Fracture: eonchoidal. 

Cleavage: dodecahedral and remarkably perfect, see figure 108. 

Luster; usually resinous, sometimes adamantine. Transparent to 
translucent. 

Streak: pale brown or yellowish, to nearly white. 

Color: very variable. The purest varieties, free from iron, are nearly 
colorless ; those containing much iron are black. Between these extremes 
may be found brown, yellow, green and red. Brown is the commonest 
color. 

Phosphorescence : some varieties show triboluminescence. or the rare 
property of emitting light when scratched or rubbed: others are fluores- 
cent and emit light during exposure to ultra-violet rays. These are 
usually al>o phosphorescent, the light continuing after the exposure 
cea.ses. 

Form: Isometric crystals are common. They are usually verv com- 
plex, often being rounded or deeply striated (by twinning). Granular 
forms aboniiil. aKo cleavable masses. 

Occurreitit : It is a very common constituent of metalliferous veins, 
often associated with galena, chaleopyrite, barite, siderite. fluorite and 
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quartz. It is often the host of many rare elements such as gallium, 
indium and cadmium, as well as the commoner metals, iron, tin, mer- 
c-ury. 

Among its most important occurrences are the many mines in the 
Missouri-Oklahoma district. Magnificent cleavable specimens come from 
Santander. Spain and from Cananea. Mexico. 

JJse: the most important zinc ore. 

Xante: its name means “treacherous.'' There is no other mineral 
whose appearance varies so much and which is at times so difficult to 
recognize at sight. The German miners called it hlende. which means 
deceptive, because it resembled galena, but yielded no lead. 

Distinguished by its dodecahedral cleavage, the angle between adjoin- 
ing faces being 120°. Perfect cleavage dodecahedrons are rare. Also 
distinguished by its very characteristic resinous luster. 

Sphalerite is a mineral with which every beginner should endeavor 
to familiarize himself, as it abounds in a great many localities all over 
the world and is a mineral of such varied aspects that a suite of speci- 
mens is of unusual interest. 

Smithsonite, zinc carbonate, ZnCOg. usually occurs in large mamrntl- 
^ury masses, white, or not infrequently of bright, showy colors, such as 
blue, green or yellow j also brown or gray. Streak is white, even of the 
colored varieties. Its hardness is 5: specific gravity: about 4.4. 

It is usually found in the upper levels of mines where it has been 
formed by the action of carbonated waters on sphalerite. Laurium in 
Greece, and Kelly, New Mexico, have produced beautiful material, some 
of it fit to cut into gems. Tsumeb. South M est -\frica and Broken 
Hill, New South "Wales are notable for their crystallized specimens, pro- 
ducing attractiv’e groups of small scalenohedrons. To what .system do 
*hey belong? See page 55. 

The name smithsonite was given to honor the philanthropist. James 
Smithson, the founder of the great Sinithsoiiiau Institution in M ashing- 
ton, in which are the great mineral collections of the Lnited States 
National Museum. 

Calamine, also called henvmorphite, is a zinc silicate with water, 
chemically combined, H 2 Zn 2 SiO.-;. 

Hardness: 4.5 to 5. Specific gravity : about 3.45. 

The mineral varies greatly in appearance. The common ore is apt to 
be nearly massive, pei’haps more or less cellular, or, it mav be drusj, , and 
of brown color, but when examined carefully the gdassy luster of the 
colorless mineral will be seen. It is often more or less radiated in 
structure, and when ciwstallized the individual, tabular crystals fre- 
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quently occur in densely-grouped, crested or coekscomb-like forms, very 
characteristic of the mineral. The most notable specimens of this kind 
were found many years ago at Ogdensburg, New Jersey. The crystals 
belong to the orthorhombic system and are peculiar in having different 
shapes at the two ends. 

Use: It is an important and abundant zinc ore. 

Franklinite is an oxide of iron, zinc and manganese, (Fe,Zn,Mn)- 
0.(Fe,Mn)203. This complex formula introduces the beginner to one 
of the interesting ways by which minerals are formed. Notice that zinc 
(Zn) occurs only in the first part of the formula, while iron (Fe) and 
manganese (Mn) occur in both parts. This is because oxygen forms 
only one compound with zinc, namely ZnO, while it forms two with 
both iron and manganese, namely FeO and Fe203, and MnO and 
Mn203. These two compounds of iron and manganese with oxygen are 
united with the one compound of zinc with oxygen to form the mineral 
franklinite. Magnetite is a union of nothing but the two iron oxides. 
The commas in the formula of franklinite show that the amount of zinc 
and manganese present varies, but these elements are essential parts of 
its make-up. If Zn and Mn were entirely absent the mineral would be 
magnetite. It is proper, therefore, to think of franklinite as magnetite 
with parts of its two iron oxides replaced by manganese oxides and part 
of its FeO replaced by ZnO. 

Crystal form: The close relation between franklinite and magnetite 
would lead us to expect a similarity in crj'stal form, and that is what 
we actually find. Each of the minerals belongs in the isometric system, 
the octahedron being the common form, with the dodecahedron often 
present as shown in figure 215. The cube, which is so common a form in 
many other minerals is very rare in franklinite, as it is in magnetite. 

Hardness: 5.5 to 6.5, the same as magnetite. Specific gravity: about 
5.2. 

Cleavage: It has no true cleavage, but an octahedral “parting” which 
resembles cleavage. Fracture: conchoidal to uneven. Tenacfft/; brittle. 

Luster: usually metallic, sometimes dull. Streak: usuallv brown thus 
distinguishing it from magnetite, but it may be black, the same as 
magnetite. 

Color: always iron-black, the same as magnetite. Opaque. 

Slightly magnetic, while magnetite is always strongly magnetic. 

Occurrence : With the exception of two insignificant occurrences in 
Germany, the only region in which franklinite is found is in Sussex 
County. New Jersey. Here are located the greatest zinc mines in the 
Lnited States, those of the New Jersey Zinc Company at Franklin and 
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Ogdensburg, about fifty miles Northwest of New York City. The com- 
monest tj'pe of “franklin ore” is a coarse-granular mixture of franklinite 
and willemite. Many other minerals are, at times, found in these mines, 
w'hich are among the most prolific in mineral species of any in the world. 
Franklinite is often embedded in or scattered through white calcite in 
small, usually more or less rounded crystals or grains. 



Figure 215- Fraukliaite Crystal, Fraoklin, New Jersey 


Uses: Franklinite, after crushing and sizing, is separated from the 
other Franklin ores by the magnetic separator, and, in a finely crushed 
state, is mixed with fine anthracite coal and ignited. Metallic zinc is 
thus produced -which is vaporized, reoxidized and cooled, thus producing 
the pigment, “zinc -ndiite.'’ By smelting the slag, a product known as 
“spiegeleisen,” an iron-manganese alloy, is produced, which is of great 
importance in steel manufacture. 

Willemite, zinc silicate, Zn 2 Si 04 , one of the richest of zinc ores, is 
found in enormous quantities at Franklin, New Jersey, associated with 
franklinite, but, unlike it, occurs plentifully in many other sections. 

Hardness: 5 to 6. Specific gravity: about 4.1. Tenacity: brittle. 
Cleavage: basal. 

Fracture: uneven. Luster: greasy to vitreous. Transparent to 
opaque. Streak: nearly white. 

Color: very variable. Small crystals are usually colorless or pale 
green ; large, coarse crystals, rich in manganese, are called troostite, and 
are brownish-red to gray ; the more massive, granular, or radiated types 
are white, black, brown, yellow, red, green. 
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Crystal form: hexagonal, sometimes in elongated prisms, also in short, 
stout prisms. 

Form: usuallj’ coarse-granular, or massive; less commonly, in eleav- 
able masses, or radiated. 

Occurrence : Franklin and Ogdensburg are by far the most im- 
portant localities, but it is plentiful in Northern Rhodesia, Belgium, 
Germany and elsewhere. 

Fluorescence : By far the most interesting property of willemite is 
its beautiful fluorescence under ultra-violet rays, see page 113. The 
color of the fluorescence is green regardless of the original color of the 
mineral, though the shade and the intensity vary. The black and dark- 
brown types are not responsive. A few of the lighter varieties of wille- 
mite not only fluoresce, but also phosphoresce, the light lingering after 
the rays which produce it have been shut off. 

Zincite, “red oxide of zinc,” is ZnO. Its most distinguishing char- 
acter is its deep, rich-red to orange color and orange-j’ellow streak. It 
is usually granular-massive, or lamellar and suhtranslucent. 

Hardness: 4 to 4.5. Specific gravity: about 5.5. 

Though it has been recorded from several localities, none but Frank- 
lin-Ogdensburg, New Jersey produces it in quantity. During the world 
war it was in large demand for radio detectors. 

ZIRCONIUM MINERALS 

Metallic zirconium is not found native. It is ranked as a rare metal 
and has but few uses, most important of which is in alloys. The oxide, 
ZrOo, however, has such a very high melting point (3000°C) that its use 
tor refractory bricks has become well established. 

Tlie chief ores of zirconium are the so-called “Zircon fuvas,” or haclde- 
Uyite of Brazil and the mineral zircon. 

Zircon, zirconium silicate, ZrSi 04 , occurs in tetragonal crystals, usual- 
ly combinations of prisms and pyramids, as shown in figures 216-21S 

Hardness: 7.5. hard. Specific gravity: averaging about 4.7. 

Luster: adamantine, brilliant. Streak: uncolored. 

Color: commonly a reddish-brown or gray, but also, not infrequently, 
yellow, red or colorless, rarely blue or green. 

Transparent to opaque. 

Occurrence : It is very widely distributed, though in small quantities, 
ds a nonessential part of rocks of many kinds. In a few places it is 
quite abundant, notably in North Carolina, while in Florida. India and 
elsewhere it is found as a beach sand, often in minute crystals of much 
beauty and perfection. In Ceylon and France it occurs in red crj'stals 
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{“hyacinth”) yielding choice gems; it is also found in the gold-bearing 
sands of Australia and elsewhere. Gems of great beauty and many 
colors have been cut from zircons foimd in Ceylon, India, Siam and 
other countries. The artificially colored, sky-blue gems {“starlite”) of 
Siam are exceptionally attractive. Zircon gems have a beautiful play 
of colors, due to their high index of refraction, and when colorless mii-’h 
resemble the diamond. 



Figfures 21^218. Comnioa Fornix of Zircon Crystals 


B. ROCK-FORMING MINERALS 

It is remarkable that two of the chemical elements, oxygen and silicon, 
constitute more than half of the outer crust of the earth and that nearly 
99 per cent is made up of only twelve elements. Of these twelve but two, 
carbon and sulj)liiu', are found as elements in nature. The compounds 
of the twelve elements are numerous, but after all, the number of really 
common minerals which form the rock types is comparatively small. 
The variations from these types are innumerable and embrace all min- 
erals, but the beginner is concerned with those only which he is likely 
to meet or which are of importance. Quite a number of these have 
already been treated because of their metallic content. It remains, there- 
fore, to consider a few minerals of major importance chiefly as rock- 
formers, and a few others which have no metallic importance, but with 
which, for one reason or another, the beginner should become acquainted. 

AMPHIBOLE AND PYROXENE GROUPS 

The amphiboles and pyroxenes are closely related and very abundant 
rock-forming silicates. If they are judged by ordinary rock occurrence- 
they are apt to be regarded as about the least attractive and the nu; ■ 
puzzling of all minerals. Typical specimens, however, add quite a little 
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to a mineral collection and there are interesting points to be learned 
about them. 

Differences: It is often very difficult, or even impossible, for the be- 
ginner to distinguish between amphibole and pyroxene in rocks of the 
more massive types. If crystals of both are compared, they are easily 
distinguished, and when once the ditferenees between them are clearly 
recognized, the eye will quickly detect these differences even in quite 
inferior material, espeeiallj’ if aided by a pocket magnifier. 

Both are monoclinic and occur in prismatic crystals, but the angles 
between the prism faces are very different. In amphibole this angle is 
about 1244°, or nearly that of the regular hexagonal prism (120°), 
while in pyroxene it is about 93°, or nearly that of a right angle or 
square prism. If, therefore, a crystal shows a square development, it is 
safe to conclude that it is not amphibole. There may be other faces, a 
and b, between the prisms, m, of the pyroxene, which give it an eight- 
sided, instead of a four-sided, appearance and amphibole crystals may 
have other faces, but they never appear square. The differences are 
made plain in figures 219 and 220, which show how the crystals, if held 




Figures 219, 220. Differences between Amphibole and Pyroxene 

with their prisms vertical, appear when looked down upon from above. 
In each case )a is the prism. 

Cleavage: Both minerals have cleavage parallel to the prism faces 
just mentioned. It is easy and very common in amphibole and rarer in 
pyroxene. Pyroxene also frequently shows a ‘‘parting,’’ or pseudo- 
cleavage, jiarallel with the base, which may be noted not only in actual 
breaks, but also in lines on the prism parallel with the base, as shown 
m figure 228 . Ydu will, of course, much more frequently meet these 
minerals in crystalline masses than in distinct crystals. If, therefore, 
you remember that the cleavage is parallel with the prism faces and 
consequently that its angles will be the same as in crystals, you will 
often be able to recognize these minerals in the field when collectors who 
have not studied these differences will not know which mineral they 
have found. 

Fibrous Forms: Amphibole frequently occurs in fibrous forms, while 
pyroxene almost never is fibrous. 
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Occurrence : Both minerals occur in volcanic and eruptive rocks; but 
pyroxene is commoner than amphibole in basalt and diabase, while 
amphibole is commoner in granite. Amphibole is the commoner mineral 
of the two in gneiss and especially in the schists. Both occur in lime- 
stones. 

AMPHIBOLES 

AMPHIBOLE is one of the commonest of the rock-forming minerals 
and occurs in many forms, which the beginner will often meet in the 
field, and with which it is, therefore, important for him to become 
familiar. As many of the varieties grade from one into another, it is 
wiser to learn of them from thoroughly typical specimens bought from 
reliable dealers. The most important of these varieties are tretnolite. 
actinolite, asbestus, nephrite, and hornblende, the last named being much 
the most common. 

Composition: a complex silicate, always containing magnesium, usual- 
ly calcium and frequently iron, while many analyses show manganese 
and smaller quantities of many other metals. The composition is very 
similar to that of pyroxene. 

Hardness: 5 to 6. Specific gravity: 2.9 to 3.4. 

Fomn: monoclinic, figures 51, 221-224. Cleavage: prismatic, angle 
124|° ; see page SO. 



Figures 221—225. Common Forms ot Amphibole Crystals 


Luster: vitreous, pearly or silky, according to the variety. 

Color: usually black, green or gray. 

Streak: usually uneolored, or paler than the color. 

Opaque, subtranslucent or sometimes transparent. 

Tremolite is a silicate of calcium and magnesium, CaMgs (Si 03 ) 4 . 
It is usually oladed. of white or gray color, though the beautiful variety, 
hexagonite, from Edwards, Xew York, is lavender. It breaks readily in- 
to splinters, often with sharp points, which stick in the fingers. For 
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its other properties see amphibole above. Well-known localities are 
Gouvemeur. New York and Lee, Massachusetts. 

Actinolite is a silicate of calcium, magnesium and iron, Ca(Mg,Fe)3 
(8103)4. It is usually columnar or bladed, the blades either lying singly 
in masses of talc-schist, or some other schist, or aggregated into confused 
masses. Color is commonly bright green or grayish-green. It grades 
from nearly opaque to nearly transparent. 



Figure 224. Amphibole, variety Hornblemle. Crystal** in Quartz, 
Cumberland, Rhode Island 


Asbestus is a fine-fibrous variety of amphibole, but commercial “as- 
bestos” is largely serpentine. The fibers are sometimes eighteen inches 
or more in length. 

Nephrite is a compact and exceedingly tough variety, often called 
jade, though this term includes other minerals, chiefly jadeite. Its be.st 
known occurrence is in New Zealand, where it is called “green stone.” 

Hornblende is a complex silicate of calcium and magnesium with 
aluminum and iron, very similar to augite. It is very common as a part 
of many granites, basalts and schists. It is usually opaque and black 
In volcanic rocks its crystals are ordinarily short and stout prisms, but in 
schists it is often bladed or fibrous. Its properties are given above under 
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amphibole. Black tourmaline often resembles hornblende, but it can 
be distinguished by its lack of cleavage, which is well-marked in horn- 
blende. 

MONOCLINIC PYROXENES 

PYROXENE is one of the commonest of the rock-forming minerals, 
and as its identification is often difficult, it is well for the beginner to 
secure by purchase thoroughly typical specimens of its two commonest 
varieties, diopside and augite. By so doing he will be able to recognize 
it in the field, where he will be almost sure to meet it in rather obscure 
form. 

Composition: a complex silicate, always containing magnesium and 
calcium, frequently iron and sometimes manganese and smaller 
quantities of other metals. The composition is very similar to amphi- 
bole. 

Hardness: 5 to 6. Specific gravity: 3.2 to 3.6. 

Form: monoclinic ; see figures 52, 225-227. 

Cleavage: prismatic, angle 93°, see page 80. 

Parting: parallel to base, c, often prominent, figure 228, see page 214. 



Figures 22.5^22.1. Common Forms of Pyroxene Crystars 


Luster: vitreous, resinous or dull. 

Color: usually black, dark green to grayish-green, sometimes brown 
or white. 

Streak: white to grayish-green. 

Opaque: usually: sometimes transparent. 

Occurrence and means of distinguishing it from amphibole are given 
on pages 214, 215. 

Diopside is a silicate of calcium and magnesium, CaMgvSi 03 ) 2 - It 
is far less common than augite, being usually found in the crystalline 
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limestones and but rarely in granites and related rocks and almost 
never in volcanic rocks. It is usually light-colored, white, grayish or 
light green, rarely dark green. One of its commonest forms is shown 
in figure 227, but it is often in slender prisms. Its properties are 
given above. Transparent crystals, yielding fine gems, occur at DeKalb, 
New York, also in the Ala Valley, Italy. 



Figure 22S. Fjroxene Crystal, Showing Parting 


Augite is a complex silicate of calcium, magnesium, aluminum and 
iron, CaMgSi206 with (Mg, Fe) (Al,Fe)2Si06. It is one of the com- 
monest of the minerals which make up the eruptive rocks. It is usually 
opaque; black or very dark green. One of the commonest forms of its 
crystals, found in Bohemia, is shown in figure 52. It is usually short- 
prismatic or lamellar. Its properties are given above. See also page 214. 

ORTHORHOMBIC PYROXENES 

Enstatite, a silicate of magnesium, MgSiOs. Vhen pure, the color 
of this mineral is white or pale gray or greenish, but usually it contains 
iron and then its color is darker, passing from olive-green to brown. Its 
luster is pearly, but only markedly so in the dark, iron-bearing variety, 
called bronzite, because of its bronze-like sheen. 

It is rarely found in orthorhombic crystals; usually it is in coarsely 
crystalline, lamellar masses. Its hardness, 5.5, and specific gravity, 3.2. 
are approximately the same as pyroxene. It is fused with very great 
difficulty and is. therefore, used as number 6 in the “scale of fusibility.” 

Enstatite is often a constituent of some of the igneous rocks, such as 
pyroxenite. peridotite, gabbro, and it is frequently found in serpentine, 
also in meteorites. Very pure, cleavable enstatite occurs in Norway, 
while fine bronzite comes from near Webster, North Carolina. 

Hypersthene, a silicate of iron and magnesium, (Fe,Mg)Si 03 . As 
the percentage of iron in enstatite increases it passes into hypersthene. 
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Its luster is somewhat pearly and in the mineral from the labradorite 
locality in Labrador it has a beautiful metallic sheen, due to multitudes 
of minute crj’stals, in parallel position, enclosed in it. It is slightly 
harder, 5 to 6, and heavier, specific gravity 3.4 to 3.5, than enstatite, 
and has a good prismatic cleavage. It is usually in foliated masses, but 
occasionally is found in broad cleavage plates. 

It is an ingredient of the igneous rocks, norite and gahiro and is also 
found in trachyte and andesite. 


Epidote is a silicate of aluminum, iron and calcium, with water, 
HCao(Al,Fe^ 3 Si 30 i 3 . 

Hardness: 6 to 7. Specific gravity: 3.2 to 3.5. Honoclinic; figure 
229 shows a common form. 



rigure 229. Epidote, a Common Form of Crystal 


Specimens from different localities often show wide differences in 
form and color, but as a general rule the massive mineral has a peculiar 
and characteristic yellowish-green (pistachio) color, not common in 
other minerals, vhieh makes the beginner's guess as to its identity come 
true. The finest crystals were found many years ago in Austria and 
are groups of slender, prismatic crystals, black and highly lustrous by 
reflected light, but green or brown by transmitted light. Magnificent 
specimens are also found near Sulzer, Alaska, in stout, prismatic crj'stals. 
nearly black. ^Yhile it is not at all likely that the beginner will find 
such superb crystals, it is well for him to familiarize himself with them 
when he visits the great museums, as someone did discover them some 
time and it may be that he will come across something even better. 
Massive epidote of the pistachio-green color is a common mineral in 
granites, gneiss and other crystalline rocks. Vnahite is the name given 
to an attractive rock consisting of epidote, red feldspar and quartz, 
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found abundantly in Virginia and North Carolina. It has been cut into 
showy eaboehon stones. 

FELDSPARS 

FELDSPAR is not the name of any one mineral, but of the com- 
monest group of the rock-forming minerals. Geologically, the feldspars 
are also the most important of all minerals, being found as a necessary 
part of a great many of the commonest of rocks. It is very desirable, 
therefore, that the beginner become acquainted with them. Their chief 
characteristics are: 

Crystals: monoclinic or triclinic. The angles between adjoining 
prism faces vary but slightly from 60° and 120°. 

Cleavage: easy in two directions at right angles to each other, or 
nearly so. 

Hardness: usually 6, or near to 6. 

Specific gravity; usually between 2. .5 and 2.75. 

Color: w’hite or some pale shade of pink, red, yellow or gray, less 
commonly green or brown or some dark color. 

Luster: vitreous to pearly. 

Streak: always white or uncolored. 

Distinguished from quartz by their inferior hardness and distinct 
cleavage; from calcite by their greater hardness, the very different 
angle of cleavage and by not effervescing (bubbling) in acids. It is 
always well to check up on more than one characteristic, for feldspars 
are frequently altered or in process of alteration to clay (kaolinite), and 
they are then soft, but the acid test will settle the question of whether 
the mineral is calcite or not. 

Composition : All of the common feldspars are silicates of aluminum 
and one or more other metals, either potassium, sodium or calcium. 
There are three types; 

Potassium feldspar, including orthoclase and microcline, whose for- 
mula is KAlSisOg. 

Sodium feldspar, albite, whose formula is NaAlSisO?. conveniently 
abbreviated to Ab. 

Calcium feldspar, anorthite, whose formula is CaAlnSioOg, abbrevi- 
ated to An. 

All of the other feldspars (except a few rare species'! are made up of 
two or more of these fundamental types. Their separation from one an- 
other is a problem to which advanced mineralogists have given much 
study, but does not concern the beginner, for to be absolutely sure of 
the identity of a particular piece of feldspar it is necessary to know its 
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chemical composition exactly and its optical properties, as determined 
by the petrographic microscope. It is customary, however, in field work, 
to disregard the fine distinctions between the various feldspars and to 
trust to sight determinations. 

Orthoclase and Microcline, common feldspar. 

Orthoclase has long been the name assigned to the common feldspar 
of granite, pegmatite, gneiss and many other similar rocks. From a 
technical standpoint this is not usually correct, for the feldspar which 
occurs in large masses in pegmatite is usually microcline. The error is 
so deep-rooted, even among teachers of mineralogy, and in all text- 
books, that the beginner will constantly hear the name orthoclase used 
instead of microcline. The present generation can do mineralogy a 
real service by refusing to perpetuate this error. Orthoclase. however, 
is a common feldspar, for it is abundant, as the variety sanidine, in the 
eruptive rocks, rhyolite (page 258), trachyte (page 238) and others, 
while the feldspar crystals of many porphyries (page 258) are ortho- 
clase. 

Orthoclase and microcline have the same couiposition being silicates ol’ 
aluminum and potassium, KAlSisOs. 

Form: Orthoclase is monoclinic; microcline is triclinic; but they are 
so nearly alike that the beginner may regard them as identical. Crystals 
ai'e common, both simple, figures 50 and 230, and twins, figures 231, 
232. 



Figure 230. Orthoclase, a Common Form of Crystal 


Hardness: 6. to 6.5. Specific gravity: 2.54 to 2.58. 

Cleavage: easy in two directions, figure 111, in orthoclase, at 90°, in 
microcline so near 90° that the variation is not perceptible to the eye. 

Fracture: uneven in the remaining direction of cleavage masses. In 
glassy crystals it maj- be conchoidal. 

Tenacity : brittle, but not excessively so. 

Luster: vitreous or pearly. 
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Color: usually white, flesh-color to brick-red, yellow or gray. Amo 
zonstone is a green or greenish-blue variety of microcline. 

Streak: uncolored. Transparent to translucent. 

Occurrence: Common feldspar often occurs in large, cleavable masses 
in pegmatite veins or dikes. The glassy variety of orthoclase, sanidine, 
is common in the eruptive rocks, as in the trachyte of the Drachenfels, 
Germany. Splendid crystals of orthoclase occur at Baveno, Italy, also 



Figures 231, 232. “Carlsbad” and “Baveno” Twins of Orthoclase 


in the Eastern Alps (the variety adxdaria) ; at many localities in the 
Rocky ilountains and scores of other localities. The most notable oc- 
currence of crystals of microcline is the Pike’s Peak region in Colorado, 
where fine flesh-color crystals are found as well as magnificent crystals 
and groups of amazonstone. Fine, large cleavages of amazonstone occur 
abundantly at Amelia Court House, Virginia and in Madagascar. 
Cleavable microcline is very abundant at Bedford, New York, in Dela- 
ware County, Pennsylvania, Maine, Canada, North Carolina, South 
Dakota and many other localities. 

Uses: Both orthoclase and microcline are used extensively in the pot- 
tery and glass industries and also have many other applications in the 
arts. Amazonstone and the clear yellow orthoclase of Madagascar are 
used as gems. 

THE PLAGIOCLASE FELDSPARS include albite and anorthite, 
and four other feldspars which are intermediate bet^veen them, name- 
ly oligoclase, andesine, labradorite and bytownite. The only plagi- 
oelase feldspars which the beginner is likely to meet in the field are 
albite, oligoclase and labradorite. 

Plagioclase is from two Greek words plagios, meaning oblique, and 
klasis, fracture. This at once suggests that in this group of feldspars 
the two cleavages are not at right angles as in orthoclase, but inclined to 
each other. This is actually true, but the variation from the right angle 
is slight. The advanced mineralogist is able, by the aid of expensive 



DESCRIPTIONS OF MINERALS 


223 


instruments, to distinguish between the feldspars by measuring these 
slight variations, but the beginner cannot positively identify them, 
though he can usually make good guesses. 

A prominent, though not universal, characteristic of the plagioclase 
feldspars is the striations which may be seen on the most prominent 
cleavage. These were mentioned on page 75 as due to twinning. If 
you find a feldspar with these striations you can be sure that it is not 
orthoclase and that it is a plagioclase. 

Albite (from the Latin alhus, white), soda feldspar, is, typically a 
snow-white plagioclase feldspar; sometimes it is grayish, greenish or 
reddish. 

Composition: silicate of aluminum and sodium, NaAlSigOg. 

In most of its other properties it conforms to the feldspar group as 
described on page 220. 

Twinning is so prominent a characteristic that the name “albite twin- 
Jiing” has been given to its commonest type, which manifests itself 
usually in the striations noted above. These generally show as fine 
parallel lines, but sometimes, as in the albite from Amelia Court House, 
Virginia, the twinning is coarse, a mass being made up of many tabular 
crystals and thus appearing coarsely laminated. 

Common varieties of albite include masses not distinctly twinned but 
made up of layers (cleavelandite) , often curved; also granular forms. 
Moonstone (see page 117) is often albite. 

Occurrence : Albite is a very common mineral, being found as a con- 
stituent of many granites, pegmatites, gneiss and other rocks. Crystals 
of much beauty abound in the Alps, in Norway, and hundreds of 
localities all over the world. At Amelia Court House, Virginia groups 
of tabular crystals up to ten or twelve inches occur, as also a cleavable. 
delicate-blue moonstone. Gorgeous cleavages of moonstone peristerife 
occur at Hybla, Ontario. 

Uses: Potters prefer albite to other plagioclases and to orthoclase in 
making their wares, owing to its fusing more easily. Moonstone, if of 
gem quality, is cut into semi-precious stones, but most moonstone, in- 
cluding that of Ceylon, is another rarer feldspar fanorthoclase ) . 

Anorthite, calcium feldspar, silicate of aluminum and calcium 
CaAl 2 Si 2 0s, is a comparatively rare plagioclase feldspar, occurring most 
commonly in the volcanic rocks such as basalt, diorite. and norite. 
Glassy crv'stals are found at Vesuvius and similarly in Japan where 
thev are thinly coated with the black lava. 

Labradorite, "labrador spar,” a silicate of aluminum with both cal- 
cium and sodium, is usually a dark gray plagioclase feldspar. Its most 
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typical occurrence is on a small island off the coast of Labrador. Here 
it is found plentifully in pure deavable masses which exhibit a marvel- 
lously gorgeous change of colors, deep blue usually predominating, with 
green, yellow and coppery-red less frequently seen. Great mountains 
largely composed of labradorite occur as the rock anorthosite in the 
Adirondack Mountains, New York. The dolerite porphyries of Cape 
Ann and Marshfield, Massachusetts (figure 255, page 259), show mul- 
titudes of labradorite crystals scattered through the dark groundmass of 
the rock. Labradorite is used to some extent as a gem and has been 
manufactured into table tops, paper weights and many ornamental ob- 
jects. 

Oligoclase is another plagioclase feldspar, a silicate of aluminum 
with sodium and calcium, but nearer to albite than is labradorite and 
usually of lighter colors. It often very strikingly shows the striations, 
due to repeated twinning, which characterize the plagioclase group. Its 
most attractive occurrence is at Tvedestrand, Norway where the va- 
riety sunstone is found in red. deavable masses exhibiting a charming 
golden sparkle, “schiller,” due to the reflection of light from minute 
tabular crystals of hematite or goethite, in parallel position, enclosed in 
the feldspar. Examined with a lens or under the microscope, sunstone 
is a gloriously beautiful mineral. .¥oo?istoHe-oligoclase occurs in Dela- 
ware County, Pennsylvania, while in Mitchell County, North Carolina 
there is a colorless, glassy variety. Ordinarily oligoclase is in excellent 
cleavages resembling albite or microcline. 

FELDSPAR-LIKE MINERALS 

This group embraces a few minerals more or less closely related to the 
feldspar group, being silicates of aluminum with potassium, sodium and 
calcium. 

Nephelite, typically, is a silicate of sodium and aluminum, NaAlSi 04 . 
Its most prominent characteristic is its oily or greasy luster. Its color 
is usuallg gray, but brick-red. grayish-green and brown are not un- 
common. It is usually massive, though sometimes found in hexagonal 
crystals, either large and coarse, as in Renfrew County, Ontario, or 
small, sharp and brilliant, as at Vesuvius. 

Occurrence : Nephelite is important as a rock-forming mineral, there 
being very considerable deposits of nephelite-syenite in Norway, in 
.Maine. Arkan.sas and elsewhere. 

Sodalite, often associated with nephelite. is similar to it in com- 
position except that chlorine is present. Its typical formula is : 3NaAl- 
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Si 04 .NaCl. It has a vitreous luster, and is often of a deep, rich hlue 
color, though many other colors are noted. Bancroft, Ontario has pro- 
duced much beautiful sodalite rock which has been sold, especially ir 
England, as “Princess Marble.” 

Cancrinite is similar to nephelite in composition with the addition 
of calcium carbonate and water. It is commonly associated with soda- 
lite in nephelite-syenites and most commonly has a rich yellow to orange 
color. Litchfield, Maine, is a well known locality. 

Lazurite is a rich-blue mineral related to nephelite but containing 
sodium sulphide. It is familiar to lovers of decorative and semi-precious 
stones in lapis-lazuli, which is a mixture of lazurite with various other 
minerals. Lapis-lazuli is highly prized by the Russians. It oecr.rs in 
Persia and Chile. 

Leucite is a postassium-aluminum silicate, KAltSiOy''”. I'ypical 
crystals are trapezohedrons, figure 233, of white or gray color, vitreous 
luster, hardness: 5.5 to 6. They occur in lavas especially at Vesuvius 
and near Rome, Italy. At some places great rock masses are formed of 
leucite, as in the Leucite Hills of "Wyoming. Tlie Romans u'<cd leucite- 
lava for millstones. Potash was first discovered among minerals in 
leucite in 1796. 



GARNET GROUP 

Most people who have not studied minerals, think of garnet as a 
deep, rich red gem ; indeed, the term “garnet-red" is freciuently used 
t-o describe such a color. It is amazing to such people to learn that 
garnets of many and widely dift’erent colors occur and that garnet is 
not the name of one definite chemical compound but of a series of com- 
pounds which unite with each other to produce a great many varieties 
to which distinguishing names have been given. 
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All garnets are hard, hardness being 7. to 7.5. Their luster is vitreous. 

All garnets crystallize in the same class of isometric crystals, and 
cubical and octahedral crj'stals are notably rare, while dodecahedrons, 
figure 234, and trapezohedrons, figure 233, and combinations of these 
with other forms, figure 236, which are rare in most other species, are 
comparatively common in garnet. The beginner in the study of crystals 
will find garnet his greatest help in understanding certain forms and 
will be charmed by the many faces of gemmy little crystals of garnet 
which he may find or see in museums. 



The chemist, too, finds much delight in studying the composition of 
the garnet group. He finds that all of the varieties are similar sili- 
cates, but that the metallic elements vary greatly. This is clearly shown 
by writing the typical formulas of the chief varieties. 


Grossularite 
Pyrope . . . 
Ahnandite . 
Spessartite 
Andradite . 
Uvarovite . 


Ca3Al2(Si04)3 
(Si04 ) 3 
Fe3Al2(Si04)3 

Mn3Al2(Si04)3 

Ca3Fe2(Si04)3 

Ca3Cr2(Si04)3 


Let us see how these varieties differ from each other in other ways 
than chemically. 

Grossularite varies greatly in color; it is commonly colorless or white, 
as in Quebec; but it is occasionally green as in the so-called “South 
African Jade,” or pale yellow, as in the Siberian viluite. It is never a 
deep blood-red or ruby red. One quite distinct variety rosolite from 
Mexico, is rose-pink and essonite or cinnamon-stone has a brownish-red 
color. Essonite has been cut into handsome gems and the “South African 
Jade” has been made into many ornamental objects. Specific gravity 
is 3.42 to 3.72. 
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Pjrape, or “precious garnet” is the deep Hood-red variety, nw^t 
familiar in the garnet jewelry from Bohemia, where it occurs in serpen- 
tine. Little pebbles of pyrope are found in the ant hills of the Navajo 
Reservation, Arizona, and are collected by the Indians and sold for cut- 
ting into gems. Associated with them are pebbles of peridot, a variety 
of chrysolite or olivine, which suggests that the pyrope is derived from 
a rock called peridotite. This rock is the matrix, of the diamonds of 
South Africa and pyrope is found there and is called “Cape ruby.” 
Specific gravity is 3.7. 

Almandite, or almandine, is probably the commonest variety of 
garnet, and the one most apt to be met in the field. It is usually of a 
red color nearly as deep as pjTope, but it also often has a purplish cast, 
especially in the almandine gems of the jewelry trade. One of the most 
notable occurrences is near Fort ^Yrangel, Alaska, where fine deep red 
crystals are found embedded in mica-schist. Crystals up to 14i pounds 
in weight are found near Salida, Colorado, altered on the surface to a 
chlorite called aphrosiclerite. Granite, gneiss and mica-schist, figure 
237, are usually the mother-rocks of almandite. Specific gravity is 
about 4.25. 



Figure 237. Garnet Crystals in Mica-Sehist. Redding, Connecticut. Courtesy 

of J. G. Manebester 
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Spessartite is a rare variety of garnet. It always has irown mixed 
with its red. Some of the fine garnets of Delaware County, Pennsyl- 
vania are spessartite. At Amelia Court House, Virginia gem material 
of unrivaled beauty is found. Excellent spessartite for cutting also 
comes from Madagascar. Specific gravity is 4.18. 

Andradite is one of the commonest kinds of garnet. Several dis- 
tinct varieties are included under andradite so that there is a gradation 
from the nearly opaque, dark brown, common garnet through the yel- 
lowish-brown polyadelphite, of Franklin, New Jersey, and the brilliant 
little yellow crystals of topazolite of the Ala Valley, Italy, to the yel- 
lowish-green and deep emerald-yreen dema7itoid of the Ural Montains, 
which is highly prized as a gem and is sold as “Uralian emerald.” 
Andradite also includes many other named varieties, the commonest of 
which is the coal-black melanite, of Franklin, New Jersey and Frascati, 
Italy. Specific gravity is about 3.85. 

Uvarovite is very similar in color to the richest emerald-green deman- 
toid. It is, however, very different in chemical composition, its color 
being attributed to the chromium which it contains. Uvarovite is very 
rare and is highly prized. The finest specimens come from the Ural 
Mountains. Orford, Quebec, is the best known locality in North America. 
It is almost always associated with chromite in serpentine, but occurs 
also in crystalline limestone. Specific gravity is about 3.5. 

It will be seen from the above that there are so many and such varied 
kinds of garnet that quite an extensive collection could be gathered of 
iiothiiia but this mineral. It is one of the many charms of mineral col- 
lecting to find specimens differing widely from each other in some re- 
spects, but all bound together by some fundamental characteristics into 
one great group. 


MICA GROUP 

The most important micas are muscovite, biotite, phlogopite and lepid- 
olite. 

How many of the b.o.sts of people who have enjoyed the dazzling 
sparkle of nnea on the Christmas tree, or in mica-bearing rocks, or who 
have split it into very thin leaves, know that mica is not the name of a 
mineral, but of a group of minerals? What have the different kinds of 
mica in common and how do they differ? 

They all occur in six-sided crystals with angles practically the same 
as that of a regular hexagonal ciystal. 120°, but really they belong to 
the monoclinic system. 

The most prominent and best-known characteristic is their wonderful 
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basal cleavage. This is so highly developed that it is possible to split 
off sheets less than one five-hundredth of an inch in thickness. Mica is 
the best illustration of this cleavage, and therefore, it has been called 
micaceous cleavage. It is a great aid to their identification in rocks. 

Another property which all the micas possess is the elasticity of the 
.sheets. Notice how readily they can be bent and that when the pressure 
on them is released they spring back to their original position. Con- 
trast this with flexibility described on page 37. 

The micas are usually soft, hardness being 2. to 3 and. therefore, they 
are easily scratched with the finger nail, though lepidolite is harder. 

Specific gravity; 2.7 to 3.1. 

Luster: pearly on the base, vitreous on the side faces. 

Percussion-figures: If a thin cleavage plate of any mica is struck 
a blow by a dull point, a six-rayed star is produced, whose lines are 
parallel to the sides of the crystal. This is called a “percussion-figure" 
Try it. 

Muscovite, “isinglass” is a silicate of aluminum and potassium, with 
water entering into the compound. Formula is HoKAL ( 8104 ) 3 . 

Hardness: 2. to 2.5. Specific gravity: about 2.S. 

Form: monoclinie, but crystals usually in six-sided plates, figure 23S, 
sometimes several feet in diameter. Very common in scales scattered 
through rocks or gathered together into .'^■•aly, compact masses. 



Figure 238 Muscovite Crystal. Henry, Lincoln (ounty. North Carolina 

Color: usually colorless, gray, light brown or green. 

Streak: uneolored. Transparent to translucent. 

Tenacity: tough, flexible, elastic. 

Occurrence: Muscovite is the light-colored mica of granite, peg- 
matite, gneiss and mica-schist, but is rarely seen in volcanic rocks. 
Plates large enough to be of commercial value are found only in peg- 
matite. The best-known mines in the United States are in North 
Carolina, Virginia and South Dakota. The commercial supply comes 
chiefly from India. 

Uses: Muscovute is used in almost countless ways. In sheets it is 
employed in the electrical industry, for glazing in stoves, for lamp 
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chimneys and in many other ways. For these purposes it must be 
clear, free from cracks and impurities and split easily into flat sheets. 
The great bulk of the production of American mines is not of good 
enough quality for these uses and is called “scrap mica.” This is ground 
and used in the manufacture of roofing, rubber tires, wall paper, fancy 
paint, and as a lubricant. Large quantities are consumed as “snow” by 
the moving picture industry. 

Biotite, “black mica,” magnesium mica, is a complex silicate of 
aluminum, magnesium, iron and potassium, with a little water chemical- 
ly combined. Its formula is quite impressive : H 2 K(Mg,Fe) 3 Al(Si 04 ) 3 . 

Hardness: 2.5 to 3. Specific gravity: about 2.9. 

Form : same as muscovite. 

Color: usually black, less commonly brown or dark green. 

Streak: uncolored. 

Transparent to opaque. 

Tenacity: tough, flexible, elastic, somewhat sectile. Weathering de- 
stroys all of these properties and makes it brittle. 

Occurrence : Biotite is the dark-colored mica of granite, gneiss, mica- 
schist and the volcanic rocks. It is very common, but fine specimens are 
not often found. Probably the best crj’stals come from Vesuvius, the 
colors there often being much paler than in the large sheets found in 
Canada and elsewhere. 

Uses: Biotite has no commercial uses. 

Phlogopite, “amber mica.” is a complex silicate of aluminum, mag- 
nesium and potassium with water. It differs from biotite chiefly in that 
it contains but little iron. Formula; n. 2 KlMg 3 Al(Si 04 ) 3 . 

Color: yellow'ish-brown to browiiish-red ; rarely light green to almost 
white. 

Asterism: Phlogopite often shows a star when viewed by transmitted 
light, figure 144. (sec page 111'. 

Other properties are practically identical with biotite and the mica 
group in general. 

Occurrence : It is commonly found in the crystalline limestones and 
in serpentine. Large plates and crystals of excellent qualitj' are found 
abundantly in Canada. Franklin. N. J. yields attractive specimens. 

Uses: "Amber mica” is tlie most highly prized of the micas for elec- 
trical uses. 

Lepidolite, lithia mica, is a silicate of aluminum, potassium and 
lithium, but that is only part of its chemical make up, for it also con- 
tains chemically combined water and fluorine and sometimes the rare 
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metals rubidium and caesium. Even omitting these its formula is quite 
formidable : KLi[Al( 0 H,F') 2 ]Al(Si 03 ) 3 . 

Color: usually lavender, but also “peaeh-blossom red,” gray or yellow. 

Form and Occurrence: Unlike the other micas, lepidolite rarely oc- 
curs in distinct plates showing cleavage, hut is usually in masses, made 
up of multitudes of scales. Its name, indeed, is derived from the Greek, 
lepis, a scale. These scales are sometimes so minute as to give a piece, 
at first sight, the appearance of being without crystallization, but when 
examined with a lens the bright, pearly luster of the base of many 
crystals may be noted. Such is the material found abundantly with 
pink tourmaline in California. In Maine, lepidolite occurs in aggregates 
of much coarser crystalline grains and also in distinct six-sided crystals. 
Curv’ed crystals are common. It is usually found in pegmatite often 
associated with the lighter-colored tourmalines, also with spodumene 
or other lithia-bearing minerals. 

Hardness, at times as high as 4, thus exceeding that of all other micas, 
but it also runs as low as 2.5. Specific gravity: 2.8 to 3.3. 

Uses: It is of no value as a mica, and its lithia content is not suf- 
ficient to give it value. Its ea.sy fusibility to a clear glass has suggested 
its use in glass-making. Try melting it on the kitchen range. 

CHRYSOLITE, OR OLIVINE 

Chrysolite, or olivine, is a silicate of magnesium and iron, (Mg,Fe )2 

Si 04 . 

Form: orthorhombic, but crystals are rare and usually small. It is 
commonly in grains scattered through rocks, or aggregated into pure, 
granular masses. 

Hardness: to 1 .hdirdl Specific gravity : about 3.30. 

Cleavage, not distinct, which aids in distinguishing it from pyroxene. 
Fracture: conchoidal. Tenacity: brittle. 

Luster: vitreous. Color: usually some shade of green, either yellow- 
ish or olive-green. 

Streak: usually colorless: must be obtained by powdering. 

Transparent to translucent. 

Occurrence: It is an important constituent of some volcanic rocks, 
such as basalt, diabase, gabbro and peridotite. Kimberlite, the matrix 
of the diamond, is an olivine-bearing rock. Platinum, chromite and 
gamierite are frequently found in olivine-bearing rocks. It is common 
in meteorites, especially in the stony-irons. One of the best known 
American localities is in Jackson County, North Carolina, where it oc- 
curs in showy granular masses of yellowish-green color. 
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Uses: When transparent it is cut into gems. Dark emerald-green 
olivine is highly prized. The olive-green stones are known as peridot. 

CHLORITE GROUP 

The chlorites owe their names to the characteristic dull, greenish 
color which they often have. They resemble micas in their foliated 
structure, but, while the thin plates may be bent, they are not elastic, 
but readily break. 

Crystallized specimens are rarely seen except in museums, but the 
more massive forms are freciuently found on hikes. 

They are silicates of aluminum, magnesium and iron with water. 

Clinochlore is the most attractive of the chlorites, occurring in lus- 
trous, dark bluish-black to blackish-green, six-sided, monoclinic crystals 
at the Tilly Foster Mine, New York, also near West Chester, Pennsyl- 
vania. figure 239. 



Fitfui'e 239 < Lliiochlort^ Crystal, AVest ( lie-ter, Uunia 

Penninite is very similar. 

Diabantite is a dull green, graiiular-ma.ssive mineral often seen in 
the trap quarries. 

Aphrosiderite is tlie grayish-green chlorite which forms from the 
alteration of garnet at Salida. Colorado and elsewhere. 

Prochlorite is frequently seen enclosed in quartz crystals as a dull 
green, mo.ssy formation or, less commonly, forming chloritic phantoms. 
It sometimes occurs in considerable deposits of granular-massive tjqte, 
often forming the rock, chlorite-schist, as at Chester, Termont. An odd, 
and not uncommon, occurrence is shown in figure 83. Here the crystals 
are strung out at a slight angle to each other into a worm like formation. 




DESCRIPTIONS OP MINERALS 


233 


Be on the lookout for such curious freaks of nature. Their finding adds 
much to the zest of mineral collecting. 

QUARTZ 

Quartz, the commonest mineral, is silicon dioxide, SiOo. 

In many respects quartz is the most interesting of all minerals. It 
has a larger number of distinct varieties and there are wider differences 
between them than in the varieties of any other mineral. It is almost 
ubiquitous, for there are comparatively few places in the whole world 
where it would be possible to walk a mile and not see some quartz. A 
large mineral collection of great beauty and of much scientific and 
educational value and full of interest, can be formed exclusively from 
quartz. 

Nearly all of the many varieties may be included in one or the other 
of two groups, those which are crystalline and those vdiich are massive. 
Even the massive varieties, when examined under a high-power micro- 
scope, show a crystalline structure. 

Varieties of Quartz 

Crystalline Varieties Massive Varieties 


Form 

liexagonal-rhombohedral crys- 
tals, or crystalline masses 

Xever in crystals visible to the 
naked eye, but a high power 
microscope shows that the 
mass is composed of exceed- 
ingly minute needle crystals 

Cleavage 

Rare 

Cnknown 

Fracture 

Subconclioidal 

Uneven to subconclioidal 

Tenacity 

Brittle 

Brittle to tough 

Hardness 


7 ^ 

Specific gravity 

2.66 

2.60 to 2.70 

Luster 

Vitreous or greasy 

Subvitreous to dull 

Color 

Colorless, violet, pink, yellow, 
brown, white, blue, green 

White, blue, green, red, brown, 
gray, black, yellow 

Streak 

White 

Same as mineral, but paler 

Transparency 

Transparent to sub-translncent 

Transparent to op.inue 

Cses 

Cems. decorative nbiects. 

Mortars, plaster, wood-fillers, 


dishes, vases, chemical ap- pottery, soaps, senii-precioii^ 

paratus. optical instruments. stones 

"lass, sandpaper, cement, as 
a f.’ix. for refractories. 

(a) Crystalline Varieties of Quartz 

Rock Crystal is colorless, ylassy quaiiz, either in crystals or masse.s. 
The best occurrence in the United States is the doubly-terminated 
crystals found in limestone in Herkimer County. New York, figures 76- 
79, 240-242. Other notable occurrences of rock crystal are in Arkansas, 



234 


GETTING ACQUAINTED WITH MINERALS 


figures 91, 93, North Carolina, California, France and Switzerland 
Brazil produces more than any other country and largely supplies the 
commercial demand for the many optical uses to which it is applied, and 
for the material cut into beads and ornaments. Massive rock crystal 
abounds as part of many granites and similar rocks and can be dis- 
tinguished by its glassy luster and hardness of 7. 



Figure 240-242. 



i^uartz. Some Common Forms of Crystals 



Amethyst is similar to rock crystal except that it has a beautiful pur- 
ple to violet color. It has been prized as a gem since ancient times. 
Magnificent specimens come from Brazil, figure 131, Uruguay, the Ural 
Mountains, and many other localities. When heated, amethyst becomes 
a rich golden-brown and is sold at higher prices as “topaz.” 

Rose Quartz, figure 141, differs from rock crystal and amethyst in its 
rose-pink color and in practically never being in distinct crystals, but 
usually massive, sometimes forming large veins, as at Bedford, New 
York. It is cut into spheres and carved into many ornaments. 

Citrine, also known by jewelers as “Spanish topaz” or “false topaz,” 
is pale yellow in color and glassy. Brazil and Madagascar yield choice 
material for cutting into gems. 

Smoky Quartz, often called “smoky topaz” and sometimes “cairngorm 
stone” (from the locality in Scotland} , is a smoky -yellow to smoky-hrown 
or nearly black variety. Magnificent crj'stals of large size have been 
found in Switzerland, figure 243, in Auburn. Maine and other localities. 
Smaller crystals, highly modified, occur in the Pike’s Peak region. 
Colorado, in North Carolina and elsewhere. Massive smoky quartz 
often occurs in veins and is very common as part of many granites and 
similar rocks. It may be identified by its smoky color, vitreous luster 
and hardness of 7. 

Milky Quartz is milk-white to snow white, sometimes in fine erj'stals, 
figure 244. but usually massive. It often forms larue veins in other rocks 
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and is frequently gold-bearing. It is one of the commonest mineral in- 
gredients of many rocks. 

Sagenitic Quartz. Both crystals and masses sometimes enclose crj'stals 
of other minerals. If these are in needles the combination is known as 
sagenitic quartz. The commonest sagenitic quartz is that in which the 



figure 243. fenjoky Quartz Crystal, St. Gothard, Switzerland 


needles are rutile, and it is then known as rutilated quartz. When the 
enclosure is tourmaline, it is called tourmalbiated quartz, figure 245. 

Other Impure Quartz. Sometimes the whole mass of the quartz is 
densely filled with red or yellow iron oxides, as in ferruginous quartz , — 
or with green chlorite or actinolite or with sand or mica- 
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Aventurine Quartz consists of quartz enclosing minute scales of mica 
or hematite in parallel position, producing a spangled appearance. 

(b) Massive Varieties of Quartz 

Chalcedony is a very interesting variety of a waxy luster, usually 
translucent, but sometimes transparent, or again nearly opaque. It often 
occurs in curiously shaped concretions, or it coats or fills geodes, cracks 



Figure 244, Mitkj* Quartz, Group of Crystals, Ouray County, Colorado. 
Courtesy of J. G. Manchester 


and cavities in decomposed rocks. Sometimes it is stalactitie, botryoidal. 
tigure 123, nr niaminillary. It is usually white, gray, brown or bluish. 
It abounds in the Western United States, and at Tampa Bay, Florida, 
where it occurs in ceodes. many of which are pseudomorphs after coral; 
also abundant in Brazil and many other localities. 

CarneVtan is a red elialcedony. It grades from deep blood-red to pale 
red and brown, the last named being called sard. The ancients used 
these stones for carving intaglios and cameos, the intense red colors be- 
ing the most highly prized. 
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Chrysoprase is an apple green chalcedony of much beauty when cut in 
eabochons. It was highly esteemed by Queen Victoria. Germany and 
California are the chief localities. 

Agate is a variegated chalcedony. There are many types, but handed 
agate, figure 121, is best known. In some specimens the bands are 
coarse, as much as a quarter inch or even more; on the other hand, Sir 



Figure 245. Quartz Enclosing Needles of Tourmaline. Cross-Section of Crj-sta!, 
Jefferson County, Montana 


David Brewster, using a microscope, counted li.O.lO in a single inch. 
The layers differ not only in color and translucency, but also in compact- 
ness. This variation in their textui’e makes it possible to artifically 
color agates, thus producing rich reds, yellows, blues, greens and browns 
in place of the original dull gray, white or brown. Most agates as of- 
fered in the world’s markets are artificially colored. There is much of 
interest to be learned about agates and the beginner will find it well 
worth his while to read up about these beautiful objects. 

Not all agates are banded ; some are irregularly mottled and clouded ; 
others have enclosures of black or green resembling moss and are called 
moss agates; in some, manganese oxide filters in between the layers 
and is deposited in tree-like or fantastic .shapes forming landscape agates 
or tree agates, figure 138. 
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Onyx is a variety of agate in which the bands are straight, and as 
the layers are even, it is well adapted to use in cameos. “Mexican 
onyx” is not a variety of quartz, but of calcite and is described on page 
261. 

Sardonyx is a red and white onyx. 

Bloodstone, also sometimes called heliotrope, is too nearly opaque to 
be properly regarded as a variety of chalcedony. It has a peculiar 
grayish-green color and through this there are sprinkled bright red 
spots from whose resemblance to blood the name of the mineral is de- 
rived. It is prized in ring stones. 

Flint, figure 246, is familiar to every boy scout, for with its aid he 
can light a fire. It is much less translucent than chalcedony and is a 
typical illustration of a semi-translucent mineral (see page 10.3) or one 



Figure 246, Quartz, tariety Flint* Nodule, Dover Cliffs, England 


which transmits light only on very thin edges. Its luster has verj' 
little resemblance to the vitreous luster of rock crystal, yet if it is ex- 
amined carefully it will be noticed that there is a little glisten to it, and 
it is customary, therefore, to call its luster subvitreous. Flint usually 
has a dull gray color ; sometimes it is more proper to call it smoky-brown 
or brownish-black. If you try to bi-eak a piece of it you will quickly 
conclude that its tenacity is great, or, to put it another way, it is tough. 
You will also note that when it does break it leaves a deep-conchoidal 
fracture and an unusually sharp cutting edge. The American Indians 
were quick to recognize its advantages in their making of arrow heads 
and other implements. 

Chert, or hornstone, is similar to flint, but more brittle and splintery 
and less pure. It !■' a'mindaiit in ^Missouri and Arkansas. 
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■Jasper is opaque, massiA-e quartz, usually red, brown, yellow or dark 
grayish-green. It is sometimes attractively banded with rock crystal, 
or two or more colors of jasper may be in parallel stripes, forming 
niton jasper. Some of the showy types of jasper are cut into ring 
stones or are used for larger decorative objects or for wainscoting or 
table tops. It is widely distributed, notable occurrences being in South 
Africa and Siberia. 


(c) Fragmental Varieties of Quartz 

Quartz sand results from the weathering of rocks containing quartz, 
and the subsequent grinding of the released quartz masses, one upon 
another until they are greatly reduced in size and often rounded into 
grains more or less spherical in form. Any of the varieties of quartz 
may be thus reduced to sand, but as rock crystal, smoky and milky 
quartz are much the most common A'arieties, grains of them are more 
plentiful in sands than grains of any other varieties. A collection of 
sands from all over the world, howcA’er, will show quartz of a great 
variety of colors and degrees of transparency. Sands found close to 
their source of supply are often quite sharp and angular, but those 
which have been transported by streams for hundreds of miles and es- 
pecially those which haA'e been subjected to the action of ocean waves 
are always much rounded. 

The study of rocks will show how sands are consolidated into gran- 
ular sandstone, how it, in turn, is changed by heat and pressure into 
quartzite; how sharp fragments of quartz are consolidated into quartz- 
Ireccia; how rounded quartz pebbles are consolidated into quartz-con- 
glomerate. TThile all of these rocks usually have impurities included 
in them and cannot be regarded as minerals, nevertheless the beginner 
should aim to recognize them as being largely composed of the mineral 
quartz. 


(d) Pseudomorphous Quartz 

Lastly, there are occurrences of quartz in the form of other minerals 
or objects of any kind. Among the most abundant types are quartz 
pseudomorphs after shells, after wood, after corals, after fluorite, barite, 
calcite, siderite. 

Petrified wood, or silicified ivood is the commonest illustration of a 
quartz pseudomorph. The wood is slowly replaced, cell by cell, by 
silica, until not a trace of the original material remains, (see page 1011. 
One of the most striking instances of such formations is the Petrified 
Forest of Arizona, a scene in which is pictured in figure 135. The gorge- 
ous red and yellow colors of this material are due to oxides of iron. 
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OPAL 

Opal is silicon dioxide, plus an indefinite amount of water. The 
formula is written SiOo.nHoOjti usually signifying from 3 to 9 per cent 
water, but it varies from 2 to 13 per cent, or even more. 

While opal seems very near to quartz in its chemical composition it 
is verj" different from it in several respects. It is never crystallized, 
indeed it has absolutely no crystalline structure and is, therefore, called 
■imorphoiis. It is far more brittle than quartz, and its hardness is less, 
varying from 5.5 to 6.5, while its specific gravity averages only about 
2.15. 

Luster: vitreous, resinous or dull. Streak: white. 

Colors: numerous, as noted below. 

Transparent to opaque. 

Opal is a common mineral and occurs in many varieties, some of 
which are not at all attractive, while others are among the most mag- 
nificent and costly of mineral .specimens. The magazine “Rocks and 
Minerals” devoted its entire March 1933 issue to opals, publishing many 
interesting articles. 

Precious opal owes its superlative beauty and its popularity as a 
gem to its gorgeous play of colors (see pages 116, 117), or, as Farring- 
ton playfully put it, to “colors at play.” Nineteen hundred years ago 
Pliny wrote of it that it “presents various refulgent tints in succession, 
reflecting now one hue and now another. It is made up of the glories 
of the most precious gems. There is in it the gentler fire of the Ruby, 
the brilliant purple of the Amethyst, and the sea-green of the Emerald, 
all shining together in an indescribable union.” The precious opal was 
the “lucky-stone” of the ancients. The Roman Senator Nonius, who 
owned the greatest opal then known valued at the equivalent of about 
$500,000, U. S. money, went into exile rather than surrender his “good 
luck gem” to Mark Anthony. 

Many names have been given to different types of precious opal, or 
as it is often called, “noble opal,” and descriptive names have been ap- 
plied to individual gems and to the mines, such as “the flaming forest." 
“the volcano,” “the royal peacock,” “rainbow ridge.” 

Until the latter part of the nineteenth centurj' the finest gem opals 
came from Czernowitza, Hungary, now in Czechoslovakia. They always 
commanded high prices. In 1886 precious opals of deep, rich peacock- 
blue were found in an iron-jasper in Queensland, Australia and were 
placed on the market at but a small fraction of the prices previously 
charged for Hungarian stones. They immediately aroused unparalleled 
enthusiasm. During the next thirty or forty years very important finds 
were made in New South Wales and South Australia, with the result 
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that practically all opal gems used in the jewelry trade now come from 
Australia. Only a few isolated specimens of precious opal had come 
from the Western United States until about 1908 when magnificent 
specimens were found in abundance over a considerable area in Hum- 
boldt County, Nevada. No other region has ever produced so great a 
variety of superlatively beautiful specimens of precious opal. Small 
specimens are now within the reach of every collector. 

Fire opal is bright brownish-red to yellowish red, either with or with- 
out the play of colors. The finest gems come from Queretaro, Mexico. 

Milk-opal is milk-white to snow-white, without any play of colors : 
if it shows play of colors it is classified as precious opal. 

Common or semi-opal includes varieties of re.sinous or waxy luster; 
yellow, brown, brick-red, dull green or black color. 

Opal-agate is common opal of any color, with banded structure. 

Wood-opal, figure 136, is wood changed to opal, or opal pseudomorph 
after wood, see page 101. It is plentiful in the western United States, 
especially in Humboldt County, Nevada, in which section opalized wood 
occurs magnificently spangled with gorgeous precious opal. 

Hyalite is a colorles opal, clear as glass, often forming crusts on rocks, 
and having a botryoidal surface, or occurring' as small spherical concre- 
tions, figure 129. 

Geyserite, or silicious sinter, forms around the geysers of the Yellow- 
stone Park, New Zealand and Iceland, in concretionary deposits often 
of much beauty and resembling mushrooms, cauliflowers, and other ob- 
jects. It is opaque ; white or gray : soft, porous, and at times, in fila- 
ments. 

Diatomaceous earth, diatomite. or infusorial earth, is formed from the 
silicious shells of diatoms and other minute forms of life. It is either 
compact-massive, or loose as a very fine-grained white or gray earth, 
resembling chalk or clay, but with a gritty feel and hard enough to 
scratch glass. It occurs in beds of great size (up to 4700 feet thick") in 
California, and is also found in Nevada. Virginia and elsewhere in the 
United States and in many foreign localities. It is used as an abrasive 
in polishing and scouring powders, as a filter-stone, in makincr water- 
glass, various pigments and for many other purposes. 

SERPENTINE AND TALC GROUP 

This group includes a few common minerals which are similar, in 
'■'ome respects, to the chlorites. They are silicates of magnesium with 
water, and do not crystallize. They have been formed by the alteration 
of other minerals, such as chrj^solite and enstatite. 
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Serpentine, hydrous magnesium silicate, H 4 Mg 3 Sio 09 , though it 
never crystallizes, is found in an unusual variety of forms, some of which 
are very attractive. It is quite remarkable how it varies in hardness, 
all the way from 2.5 to 5.5, but as a rule the range is between 2.5 and 
3. so that it is easily scratched. Its specific gravity is around 2.50. 

Varieties: Precious serpentine includes those quite pure, massive 
types, with hardness of 2.5 to 3, which are translucent and of rich 
colors, either bright yellow or green. These grade off, through addition 
of impurities, into common serpentine, whose hardness may run up to 
4 or even, higher, and which is semi-translucent to nearly opaque, and 
lacks the beauty of precious serpentine, its colors being usually dull. 

Serpentine marble is the name given to any kind of serpentine when 
it is polished and used as a decorative stone. Some of these so-called 
marbles are very popular, the most widely used being verd-antique, in 
which the dark green or bright red serpentine, is veined or mottled with 
a white mineral, usually dolomite. By far the most important variety, 
from a commercial standpoint, is chrysotile, known in the trade as ^‘as- 
bestos,” though true asbestus is a variety of amphibole. Chrysotile is 
fibrous and can readily be separated into very fine, flexible fibers having 
a silky luster. Picrolite is a variety in long, coarse fibers, not easily 
separated nor flexible. There are many other varieties. 

Fracture: subconehoidal or splintery. Tenacity: Massive varieties 
are usually tough ; fibrous varieties, more or less flexible. 

Luster: Massive varieties have little luster, but are commonly oily, 
or resinous; fibrous varieties have a bright, silky luster. Streak: white. 

Non-in flammable and a non-conductor of heat. 

Occurrence: Serpentine often forms large rock masses and is quarried 
as a building stone near Philadelphia and Baltimore. Serpentine mar- 
bles of much beauty occur abundantly in Vermont, England, Ireland, 
Italy, France, Greece, and many other countries. A bluff of common 
serpentine may be seen from the North Kiver boats passing Hoboken, 
New Jersey. Chrj'sotile of superfine quality is extensively mined in 
Quebec, Arizona, the Transvaal and Southern Rhodesia. 

Uses: extensively used as a building or decorative stone. The preci- 
ous variety is employed to some extent in small decorative objects. The 
great importance of serpentine is due to tlie ease with which the fibrous 
chrysotile can be spun into yarn or thread and woven into fire-proof 
fabrics or felted into sheets or packing, used for shingles, pipe cover- 
ings, lining stoves, safes and many other uses. 

Talc is a silicate of magnesium, with water, H 2 lMg 3 Si 40 -j 

Hardness: number 1 in the scale of hardness. 
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Specific gravity: about 2.8. 

Form: monoclinic, but crystals are almost unknown. It is abundant, 
either compact as steatite or soapstone, or in the rock “talc-schist.” The 
purer kinds have a foliated structure, separating readily into thin plates 
which are flexible, but not elastic. Fibrous varieties are not uncommon, 
often due to admixture of tremolite, as at Edwards, New York. 

Cleavage: basal. 

Tenacity: sectile. Feel: soapy. 

Luster: pearly to greasy. 

Color: Soapstone is generally gray; foliated tale is usually white or 
sea-green. 

Streak: white. Transparent to nearly opaque. 

Not attacked by acids ; also heat resisting. 

Occurrence and Uses: It is a very common mineral and widely dis- 
tributed. An impure soapstone at Alberene, Virginia is used for lab- 
oratory tables and tanks, washtubs, switchboards, etc. The compact 
talc of western North Carolina is made into crayons and is cut into 
“lava tips” for gas burners which, when heated to a high temperature 
become very hard. Ground fibrous talc from Northern New York is 
extensively used as a filler for paper, in paints and for many other pur- 
poses. The finest quality of foliated tale comes from Providence, Rhode 
Island. 


STAUEOLITE 

Staurolite is a silicate of iron and aluminum, with water, HFeAl.-, 

SioOig. 

Hardness: 7 to 7.5, very hard. Specific gravity: about 3.7. 

Color: usually dark brown. Luster: vitreous to dull. 

Opaque: or rarely transparent. 

Form: orthorhombic. Simple crystals rather rare. It is most re- 
markable because of the abundance of its twins of several types as shown 
in figures 100 and 101. These abound in many localities and can some- 
times be collected by the hundred pounds. Superstition naturally at- 
taches to the right angle crosses which are worked up into amulets and 
sold as “cross stones” or “faiiy* stones.” The name staurolite, indeed, 
is derived from the Greek, stauros, a cross and hthos, stone. 

Occurrence: usually found in mica schist, often associated with kvmn- 
ite. Plentiful throughout the New England States, Virginia, North 
Carolina and Georgia. Faido, Switzerland and Brittany, France, yield 
choice specimens. 
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TOUKMALINE 

Tourmaline is a very complex silicate, always containing boron, 
aluminum and water, and sometimes iron, magnesium, sodium, lithium 
or even chromium. 

Hardness: 7 to 7.5, a little harder than quartz. 

Specific gravity: 3.0 to 3.20. Luster: vitreous inclining to resinous. 

Color: usually black, sometimes brown, but not uncommon of bright, 
showy colors, especially green and red or pink, less frequently yellow, 
blue or colorless. The red or pink variety is called ruhellite, the blue is 
indicolite. Very fine gems are not uncommon. Single crystals often 
show different colors at the respective ends, or may have a core of a 
different color from the exterior, or there may be a most attractive band- 
ing of colors. The dichroism has been mentioned on page 104. 

Streak: uncolored. Transparent to opaque. 

Electrical properties : A crystal is easily charged with electricity ei- 
ther by friction or by heating it, and shows positive at one end and nega- 
tive at the other. 

Form: Crystals are rhombohedral, the terminal faces at one end often 
being rather flat rhombohedrons or sealenohedrons, frequently combined 
with the base. A prismatic development is customary, the prisms usual- 
ly being long, figure 247, and sometimes extended into capillary forms, 
which may be enclosed in rock crystal, thus producing tourmalinated 
quartz, figure 24.5, the color being black or bluish-gray, as in Montana, 
Utah and Brazil. Prismatic crystals are often deeply striated, see figure 
90, page 66. If the faces are well developed they are in threes, sixes 
or nine.s. Columnar tourmaline is not uncommon, and, if black, would 
be difficult to distinguish from black hornblende Avere it not for the fact 
that the mineral has practically no cleavage. 

Tenacity: brittle, though the gem varieties are less so. 

Occiirre nee : Tourmaline is a very common mineral in many kinds of 
rocks, but especially in granite, gneiss and the coarser phase of granite, 
pegmatite. It is rare in limestone, and then usually brown as at Gouv- 
erneiir. New York, or grayish-green as at Franklin, New Jersey. If 
as.sociated Avitli lepidolite, it is usually light-colored and gemmy, while 
if as'Ociated with cassiterite it is apt to be black. At times the black 
variety is so plentiful in granite as to lead to the name “tourmaline- 
granite.’' The finest black crystals come from Pierrepont, New York. 
Tl'.e localities in 5Iaine. California. Madagascar and Brazil are world- 
famous for their beautiful green, pink, deep red, blue and vari-colored 
crystals and gems, ilany other localities, too numerous to mention, 
yield tourmaline crystals so attractiA'e as to make this one of the most 
delightful of all minerals. 
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THE ZEOLITES AND ASSOCIATED MINEEALS 
(a) The Zeolites 

The zeolites are an interesting group of about three dozen hydrous 
silicates in which aluminum is always present in larger quantity than 
any other metal. Calcium is nearly always present, but sometimes it is 
replaced by sodium, or more rarely, potassium, while occasionally barium 
is present and in one species, strontium. The following table shows the 
composition of the more important zeolites and also of four minerals 
which are frequently associated with them; 

Composition of Zeolites and Associated Minerals 


Zeolites: H 2 O SiOo ALOs CaO NaoO 

Heulandite 14.8 59.2 16.8 9.2 

Stilbite 17.2 57.4 16.3 7.7 

Chabazite 21.3 47.4 20.2 11.1 

Analcite 8.2 54.5 23.2 ... 14.1 

Natrolite 9.5 47.4 26.8 . . . 16.3 

Scolecite 13.8 45.9 26.0 14.3 

Mesolite 12.4 46.4 26.3 9.6 5.3 

Associated Minerals: 

Pectolite 2.7 54.2 . . . 33.8 9.3 

Apophyllite 16.1 53.7 . . . 25.0 5.2 KoO 

Datolite 5.6 37.6 • . 35.0 21.8 B 2 O 3 

Prehnite 4.4 43.7 24.8 27.1 


All of the zeolites are secondary mineruU. that i- they have been 
formed by the alteration of primary' or previously e.visting minerals. 
Usually the original mineral was a feldspar or one of the feldspar-like 
minerals, which gives rise to another name for this group, "hydrous 
feldspars." 

They usually occur in cracks in basalt, or diabase, but occasionally in 
sjranite or gneiss. The zeolites abound in the trap rock' of The Pali- 
sades of the Hudson River and neai'by localities, such as Patci'on. New 
.ler'cy; al-o in Connecticut and Nova .Scotia. Many other imjiortant 
localitie> might be mentioned, including especially Iceland, the Faroe 
Lland' and India. 

Their hardness is not gi'eat. ranging from about 3.5 to 5.5. Specific 
graidti/ i? under the average, about 2.0 to 2.4. 

Heulandite has a hardness of 3.5 to 4 and occurs in somewhat coffin- 
shaped. monoclimc cryst<ds. often of considerable beauty, because of 
their pearly bister. This, however, only appears on the "side" face. 



DESCRIPTIONS OF MINERALS 


247 


which, is always designated in monoelinic crystals by the letter b. The 
other faces have a bright vitreous luster. Somehow this b face has a 
habit of turning itself up on the rock, giving the impression of its being 
the base and as there is a distinct cleavage parallel to it, a beginner may 
easily err by calling it a basal cleavage, which it is not. Large crystals 
are often made up of smaller ones in nearly parallel position. The color 
is usually white, sometimes tinted yellow or brown, while a locality in 
the TjtoI yields brick-red crystals. Paterson, New Jersey, has produced 
the finest specimens found in this country, but even more magnificent 
specimens come from Iceland. 

Stilbite has the same hardness as heulandite, 3.5 to 4, the same 
pearly and vitreous luster, the same cleavage, and sometimes much re- 
sembles it. It is very different, however, in its most characteristic form, 
a double sheaf, as shown in figure 248. Though often of white color, 
it is frequently gi-ayish-brown. Its occurrences are identical with heu- 
landite. 



Figure 24S. Stilbite, Sheaf-Uke Group of Crystals, Cpper Montclair, New Jersey 


Chabazite is somewhat harder than heulandite and stilbite, 4. to 5. 
It is easily distinguished from all other common zeolites by the rhombo- 
hedral forms of its crgstals and its rhombohedral cleavage. Its luster is 
vitreous, never pearly. "White is the common color, but Nova Scotia 
abundantly produces groups of very charming flesh-red crystals to which 
the name acadialite has been given. "White chabazite from certain local- 
ities has been used in purifying helium gas. 
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Analcite is decidedly harder than most other zeolites, being 5. to 5.5 
and its crystals are easily identified because they are usually isometric 
trapezohedrons, figure 249. The cleavage is cubic but not very distinct. 
Its luster is vitreous, but in New Jersey, the nearly opaque crystals are 
not usually as brilliant as are the transparent crystals from Lake Su- 
perior. Sicily and other localities. 



FiKure 249. Analcite Crystal on Kuck, West Paterson, New Jersey. Courtesy 
of J. G. Manchester 


Natrolite, "needle zeolite." figure 2.50, differs strikingly from all the 
zeolites previously mentioned, as it usually occurs in slender needles, or 
radiated-fibrous masses. Its crystals are orthorhombic, often nearly 
square prisms, terminated by quite flat pyramids, which help to dis- 
tinguish it from scolecite, which often looks much like it. If crystals 
large enough to cleave are available, prismatic cleavage will be found 
well developed. Its luster is vitreous, or somewhat pearly in the fibrous 
forms. Color: almost always white, rarely yellow or red. Magnificent 
specimens have been found in New Jersey, Bohemia and elsewhere. 


Scolecite often very much resembles natrolite. It has the same 
hardness, cleavage, luster and method of occurrence in slender crystals 
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and radiated masses. Its crystals also, though monoelinic, have almost 
the same angle between the prism and the terminal faces. Both min- 
erals form a jelly when treated with acids. When heated, however, a 
marked ditference is noticed, for natrolite fuses quietly to a clear glass, 
while scolecite fuses to a white enamel, full of bubbles, and sometimes 
in doing so it will swell up and curl like a worm. Its crystals often 
show feather-like markings on the side faces. Very fine specimens come 
from Iceland and India. 



Figure 250. Xatrolit^, Group of Radiating Crystals, West Paterson, New Jersey. 
Courtesy of J. G. Manchester 


Mesolite is similar to natrolite and scolecite, but the needles are 
usually much finer and often matted into a felt, figure 251, though some- 
times it occurs in compact masses with a radiated structure. Golden, 
Colorado, yields excellent specimens, associated with another zeolite, 
thomsonite, and with analcite. 

(b) Minerals Associated with the Zeolites 
Pectolite, a calcium-sodium silicate, is usually found in compact- 
fibrous masses with a radiated structure. Barely terminations of dis- 
tinct monoelinic crystals are found on the edge of more or less com- 
pletely spherical masses, as at Paterson, New Jersey, which is its best- 
known American locality. Its hardness is 5; specific gravity: about 2.68 
to 2.78, only slightly heavier than quartz. Color: white or grayish. 
Usually opaque. Luster: silky to subvitreous. The more highly crys- 
talline varieties break into thin, sharply-pointed slivers, which are very 
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apt to stick in the fingers and cause considerable irritation. A massive 
variety, of very tough texture, occurs in California and Alaska, and has 
been used by Indians as a substitute for jade. 



Figure 231. Mesolite, Matted Crystals, Golden, Colorado 


Apophyllite is a hydrous silicate of calcium and potassium, so much 
like the zeolites in many ways that some writers include it in that group. 
Its chief difference, from a chemical standpoint, is that it contains no 
aluminum, which is one of the essential ingredients of all true zeolites. 
Its hardness is 4.5 to 5; specific gravity: about 2.35. Its crystals are 
tetragonal and vary much in habit, though specimens from any one 
locality usually have the same form. Those from Mexico, the Harz 
Mountains and some other prominent localities are like figure 40. Look- 
ing at the Lake Superior crystals, however, we see that while showing 
the same faces, they also have the base, c, present and highly developed, 
thus producing tabular crystals. Crystals from Paterson, New Jersey, 
however, have the prism and the base about equally developed, thus 
giving the appearance of almost cubical crv'stals, figure 252. The base 
always shows a beautiful pearly luster, while the other faces are vitreous. 
The crv'stals are often colorless and transparent, sometimes white, rarely 
a delicate pink. 

Datolite is a silicate of calcium and boron; a composition very dif- 
ferent from any of the zeolites. It occurs in highly complex, monoelinic 
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crystals, figure 253, eighty-sis forms being listed in Dana’s “System of 
Mineralogy,” and doubtless many more are now known. It usually oc- 
curs in groups of tramparent or translucent crystals, varying in size up 
to two or three inches, and colorless or pale yellowish or greenish color 
and vitreous luster. Hardness is 5. to 5.5; specific gravity: about 3.0. 
It was formerly abundant in the New Jersey zeolite localities and at 
W estfield, Massachusetts. 



Prehnite is a silicate of calcium and aluminum yielding a little 
water when heated; formula is H 2 CaoAl 2 Si 30 x 2 - 

Its hardness is 6. to 6.5, quite hard; specific gravity: about 2.9. 
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Its color is ordinarily pale apple-green, but sometimes pale yellow 
or grayish.- white. Luster: vitreous, but not bright. 

It usually occurs in crystalline masses, more or less globular or mam- 
millary, and often coating the rock. Its crystals are orthorhombic, but 
rarely occur except in rounded, or somewhat barrel-shaped, groups with 
repeated sharp edges. Paterson, New Jersey, is noted for its fine 
specimens, one of which is pictured in figure 254. 



Figure 254. Prebalte, Fiiterson, >ew Jer»e» 
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PART III 

ROCKS: THE CRUST OF THE EARTH 

When we think of the Earth it is natural to imagine it as made up of 
land and ocean. These together constitute, however, only the com- 
paratively thin crust of the Earth. We know almost nothing, as to 
what is deeper down than 11,000 feet, though many scientists believe 
that the interior of the Earth is largely iron. Careful estimates of the 
relative quantities of the materials making up the crust of the Earth 
have been made and it has been established that the feldspar group of 
minerals is much more abundant than any other, followed by quartz, 
these two together constituting over half of the crust. 

The student is likely to be much more interested in the beautiful 
forms and colors of minerals than in the usually formless masses of 
rocks which seem to him, in many instances, to have so little definite 
character as to make their identification impossible. It is, nevertheless, 
well worth while to know something about the rocks and a little study 
of them will prove more interesting than might, at first, seem probable. 
Some of the rocks are certainly attractive and there is one charm which 
they possess to a marked degree, namely variety. A series of typical 
rocks can be purchased at small cost and will prove very helpful in 
their study. 


THE THREE GROUPS OF ROCKS 

Rocks are usually divided, according to their origin, into three great 
groups : 

I. Igneous 

II. Sedimentary 

III. Metamorphic 


I. IGNEOUS ROCKS 

All igneous rocks were once in a liquid state, their present solid con- 
dition being due to a cooling or “freezing” of the material. We learned, 
in chapter 4, something about the chemical elements and their com- 
pounds. In nature’s vast laboratory, far beneath the surface of the earth, 
these elements combine with each other to form minerals; then the 
crystalline particles of different minerals interlock with each other to 
form the igneous rocks. 
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(a) Coarse-grained Igneous Rocks 

Granite is a coarse to medium-fine grained, light colored rock, hav- 
ing an even texture, composed of quartz and feldspar, with either mica 
or hornblende or both. The feldspar is easily recognized by the sparkle 
of its cleavage surfaces. It may be white, creamy, flesh color, pink or 
red of various shades, or, more rarely, yellow. The quartz is clear, milky 
or smoky and has a glassy luster and no cleavage. The mica is either 
silvery-white or colorless muscovite, or black biotite, or both may be 
present. If the flakes are large enough they may be sealed otf with the 
point of a knife. If hornblende is present, it has a greenish-black color 
and prismatic instead of micaceous cleavage. Granite is one of the most 
abundant and important of rocks. It is hard, takes a high polish and is 
durable, thus fitting it for its wide use as a building and monumental 
stone.. 

Pegmatite is a very coarsely crystalline granite, occurring in veins 
or dikes cutting ordinary granite. It is the chief source of the feldspar 
and mica of commerce and frequently contains other minerals of eco- 
nomic importance, such as gem varieties of tourmaline, beryl and topaz, 
also many minerals containing the rarer elements. 

Syenite resembles granite except that it contains little, if any, quartz. 
It is used as granite in buildings and is equally durable. An important 
variety contains nephelite and is called nephelite-syenite. Another 
variety, called anorthosite, is composed almost entirely of labradorite. 
It abonnd.s in the Adirondack Mountains in New York and in Canada 
and Labrador. 

Diorite is a greenish-black or dark grey igneous rock, with medium 
or coarse grains and even texture. It usually consists chiefly of horn- 
blende or pyroxene, which gives it its color, and a smaller quantity of 
feldspar. Biotite-mica may be present, sometimes in considerable quanti- 
ties, and pyroxene may replace some of the hornblende. Quartz is 
notably absent. If present, the rock is called quartz-diorite. Diorite is 
a common rock type in many localities, for example at Bergen Hill, 
Jersey City, New Jersey. 

Diabase, is a related rock usually of fine texture, yet often showing 
to the naked eye. lath-shaped feldspars embedded in augite. Olivine is 
often present while magnetite is almost invariably present. 

Gabbro is another common rock, so similar in appearance to diorite 
rhat it is difficult to distinguish between them. The chief difference is 
that pyroxene or hornblende is the preponderating mineral with feld- 
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spar in smaller quantity, no quartz being present. The color is about 
the same as diorite, greenish-black, or dark gray, and the texture is even. 
How to distinguish between pyroxene and hornblende is explained on 
page 214. 

Dolerite is a rock name which has been used Avith varying mean- 
ings, but the best American practice is to define dolerite as a fine-grained 
variety of either gabbro or diorite in which the dark-colored minerals 
may be either hornblende or pyroxene, but whose particles are too 
small to be distinguished with the naked eye. 

Peridotite is a name given to green to black, coarse grained or 
medium-coarse-grained rocks, consisting almost entirely of iron-magnesi- 
um minerals. In peridotite proper the minerals are largely olmne 
with less pyroxene or hornblende. Dunite is a nearly pure olivine 
variety and is familiar to American collectors as the mineral chrysolite 
of Jackson County, North Carolina. Cortlandiite is a variety consisting 
of olivine and hornblende. It is found at Syracuse, New York and else- 
where. Kimierlite is a variety of peridotite. interesting chiefly because 
diamonds are found in it in South Africa. Arkansas and elsewhere. It 
is ordinarily a great jumble of minerals, indeed, it has been playfully 
described as a mineral collection in itself, but, typically, it is a por- 
phyritic rock, consisting largely of olivine and some mica, with inclusions 
of other minerals. Tyroxenite is a nearly pure pyroxene variety of 
peridotite, while hornbhndite is a nearly pure hornblende variety. 

(b) Fine-Grained Igneous Rocks 

Lava is a broad term which includes the material which floAvs out 
of A'oleanoes. 

The fine-grained rocks, of igneous or A’olcanic origin, may be roughly 
classified under two headings, felsite and basalt. 

Felsite and Basalt. Felsite includes all dense, fine-grained rocks, of 
a stony texture, AA-hich are not A’ery dark in color. The dark colored 
are called basalt. The colors of felsite A-ary greatly and include gray, 
light pink to dark red, purple, light green and yellow to broAvn, and, 
less commonly, white. Basalt, almost always is black or A’ery dark 
green. 

To the naked eye it is impossible to distinguish the individual minerals 
in felsite and basalt, and CA’en though a lens may reveal fine grains, 
they are too minute to determine their characteristics, while not in- 
frequently the grains may be too fine to be seen eA-en with a lens, in 
which case felsite has a flinty appearance and conehoidal fracture while 
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basalt has a velvety luster and does not break with a conehoidal fracture. 

The advanced student of rocks, by the aid of the microscope, is able 
to identify the minerals even though their particles be exceedingly 
small, but without the microscope this is impossible, so that the best the 
beginner can do is to divide the fine-grained volcanic rocks into the two 
major classes of felsites and basalts. It is worth learning, howev'er, that 
by microscopic study the lighter-colored felsites are found to consist 
chiefly of feldspars and the darker-colored basalts of pyroxenes or horn- 
blendes. If a thin edge of a felsite is held to the light, it will appear 
translucent while a thin edge of a basalt will be opaque because the feld- 
spars are translucent while the rock-forming pyroxenes and horn- 
blendes are opaque. 

Dependent upon the minerals they contain many rock names have 
been introduced for varieties of felsite and basalt. The beginner can 
do little more than learn their names and look forward to the day when 
he will be able to enjoy their study with the microscope. The most im- 
portant varieties of felsite are rhijolite and irachyie; dacite, andesite 
and pho'tiolite are other less common varieties. The compact hasalts. 
often called “trap,” vary but little in general appearance, though under 
the microscope wide variations in mineral composition may be noted. 
Frequently, however, a porous structure is seen and many minerals are 
found in the cavities. Such rocks are called amygdaloidal basalt. 

Porphyry. If one or more of the component minerals of the rock 
crystallizes out, more or less perfectly, thus giving the rock an attrac- 
tive spotted appearance, it is called a porphyry. Porphyries occur in 
granite, diorite and many other rocks besides the felsites and basalts. 
One of the most spectacular of the basalt porphyries is the so-called 
labradorite porphyry pictured in figure 255. in which the coarse, light- 
colored crystals are labradorite. Such crystals are called phoiocrysts. 
Felsite porphyries are much commoner, especially in the variety rhyo- 
lite. 

Glassy Rocks. If the output of a volcano cools very rapidly, the 
elements do not combine to form definite minerals, but merely a volcanic 
crlass. If the entire rock is made up of this crlass and it has a vitreous 
luster, it is called obsidian: if its luster is creasy it is pitchstone ; if it is 
distinctly cellular it is pumice. Obsidian is notable for its conehoidal 
fracture, see figure 112. page 81. and the very sharp edees prodneed. 
which cut like glass. Indians formerly used obsidian for knives. The 
color of obsidian is commonly pure black : less frequently brown or red. 
Pitchstone is oftener brown, though at times gray or black. Pumice is 
usually gray and so light because of its cellular structure, that it will 
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float on water. It is produced by the penetration of the volcanic gases 
into obsidian. It is used as an abrasive and may be bought at any drug 
store. 

II. SEDIMENTARY ROCKS 

The materials of which sedimentary rocks are composed have come 
from other previously existing rocks, but they have been formed by two 



very different methods. Based on their origin, the sedimentary rocks 
are grouped under (a) those of mechanical origin and (b) those which 
have been chemically precipitated. 

When we look at a towering mountain it seems as though no forces 
could be powerful enough to cause its destruction. There are, however, 
enemies at work all around it. We can scarcely overestimate the de- 
structive power of the atmosphere, silently working throughout the 
centuries to tear it down. Then, too, water seeps into any cracks in the 
rocks and, by freezing, forces them apart and gives the rains the op- 
portunity to wash them down. Each piece rubs the one next to it and 
thus they reduce each other to small fragments which, in turn, grind 
each other to still smaller pieces which the rains carry down into the 
streams. Here the fragments wear each other still more until eventually, 
when they reach the oceans, they are but tiny grains of sand. This 
process of destruction results in the accumulation in the oceans of vast 
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quantities of small particles of rock, which settle down in the quiet 
waters into horizontal layers and beds, which are gradually consolidated 
and cemented together into rocks. 

Sandstone, as its name implies, is a rock composed of grains of sand. 
The grains are usually quartz and may be large or small. If they are 
very small, it is proof that they have been transported by streams for 
long distances, or have in other ways worn each other down. If they 
have not been transported far, there may be fragments of considerable 
size in the rock. If such rock is composed of angular fragments, it is 
called breccia; if it is made up of rounded pebbles, it is called con- 
glomerate. In most sandstones the particles are small and sometimes so 
minute that the individual grains are scarcely visible and the rock then 
resembles felsite. A good hand lens, however, will reveal the grains. 

The cement which binds the grains into a rock varies. It may be 
deposited silica, or ealcite, or an iron oxide; or, at times, a clay. 

The color of the rock depends chiefly on the character of the cement. 
If it is hematite the rock is red; if limonite, it is yellow. In the great 
exposures of sandstones in the Grand Canyon and elsewhere, these colors 
predominate. Many sandstones, whose cement is not an iron oxide, are 
gray or nearly white. 

Shale. Rains wash down into the streams multitudes of tiny par- 
ticles of weatliered rock. These are not only the sand grains, but also 
mica and feldspar, the latter more or less altered to kaolin. As these 
descend to the ocean they are ground finer and finer until on reaching 
still water they sink to the bottom and form beds of mud. or silt, or 
clay. These materials are slowly consolidated and cemented in layers 
into the rock, called shale. So fine are the particles that they are rarely 
visible even with the aid of a lens. If quartz is present it is detected 
bv the greater hardness of the rock, which usually is very soft. As the 
percentage of quartz increases the shales grade into sandstones. 

Shales vary much in color, but usually they are gray. The presence 
of iron oxides imparts a red or a yellow color, the same as in sandstone, 
while other impurities may make the rock green or black. 

Shales are very plentiful rocks in many sections, and there are great 
exposures of them in both the Eastern and Western states. 

Limestone has a very different origin from sandstone. Instead of 
being made up of fragments of the older rocks, carbonate of lime or 
calcite has been separated from the sea water by minute living organisms 
and has been deposited on the ocean bed where it has been consolidated 
into a fine-grained rock. Many limestones contain the fossil remains 
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of these organisms and their many forms introduce the study of 
paleontology in a most fascinating way. Some of the most plentiful of 
the fossiliferous limestones are those made up of the shells of mollusks 
and gastropods, or of crinoids or corals. 

Limestone is most commonly of a dull gray color, thus contrasting 
with the bright reds and yellows of many sandstones. Many brighter 
colors are, however, occasionally seen. It is soft enough to be readily 
scratched with a knife and, when pure, is soluble with bubbling in any 
cold acid such as vinegar or lemon juice, or the acids of the laboratory. 
Impurities such as sand or clay will remain as a residue. 

Bolomitic limestone is a common variety. It is composed largely or 
completely of the mineral dolomite, instead of cal cite, and is dis- 
tinguished by the fact that the acid must be heated before the rock 
will completely dissolve. It is a carbonate of both calcium and mag- 
nesium. 

Limestone occurs in beds often of great thickness, the horizontal or 
tilted layers being striking features in the landscape, or the rock may be 
composed of many thin layers thus producing an attractive, banded 
structure. 

Oolite or oolitic limestone, is a variety composed of countless mul- 
titudes of spherical concretions of ealeite. Oolite is described further 
on page 93. 

Chalk is a very fine-grained and soft limestone, composed of shells of 
very minute animals known as foraminifera. See further on page 150. 

Travertine is the name given to the limestone deposited in large 
quantities by springs or rivers, as at Tivoli. Italy. The slower deposit 
by cold water’s in eaves produces the stalactites and stalagmites de- 
scribed on page 97. The more compact stalagraitie formations are 
called Mexican-onyx and are often beautifully banded or mottled by the 
staining of iron oxides. 

Calcareous tufa is a less compact limestone redeposited on leaves, 
twigs, moss and other vegetation. 

Impure limestones are named from the foreign material they con- 
tain, thus argillaceous limestone contains much clay, arenaceous-lime- 
stone is full of sand, cheriy limestone contains sharp fragments of chert. 

The economic importance of limestone is very great. It is used in 
vast quantities as a building stone ; it is the source of lime ; is used in 
cement -making and as a flux in smelting iron ores. 

Marl is a loose, earthy deposit of limestone and clay. Sandy marl con- 
tains also sand; shell marl contains shells; greensand marl contains much 
glauconite. 
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Oong'loinerate is a rock composed of round fragments of any kind of 
rock cemented into a solid mass. The commonest types of conglomerate 
are those in which quartz pebbles are cemented by sand, clay or cal- 
careous material. The pebbles may be from a fraction of an inch up 
to a foot or more in diameter. The conglomerates are named for the 
material which is most abundant in them; the commonest types are 
quartz conglomerate and limestone conglamerate. 

Breccia is the same as conglomerate except that instead of rounded 
pebbles it is composed of angular fragments. 

Rocks occur in which both rouiul pebbles and angular fragments 
occur. These are called conglomerate breccia, figure 256. 



Fieure 256. Conglomerate-Breccia, "Calico Marble,” Point of Bocks, Maryland 


m. METAMoapmc rocks 

Metamorphie rocks are the results of heat, pressure and chemical ac- 
tion on igneous and sedimentary rocks. Most of those which were form- 
erly igneous rocks differ most strikingly in showing a banded structure. 
Many of those formed from sedimentary rocks, which usually show a 
banded structure, differ chiefly in exhibiting a crj’stalline structure. 

The following table shows clearly the u.^ual origin of the leading 
metamorphie rocks; 
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(a) Original Rock, Igneous; 

Granite 
Felsite or tuff 
Basalt or dolerite 

(b) Original Rock, Sedimentary 

Limestone 

Sandstone 

Shale 


Resulting Metamorphic Rock ; 

Gneiss 

Slate or schist 

Hornblende-schist, talc-schist, ser- 
pentine 

Resulting Metamorphic Rock: 

Marble 

Quartzite 

Slate 


Gneiss is commonly a metamorphosed granite and is composed of 
the same minerals, quartz and feldspar, with either mica or hornblende 
or both. There are, however, gneisses formed from conglomerates or 
other sedimentary rocks. A distinct banded structure is usually a prom- 
inent feature of gneiss, but this is sometimes on so large a scale that 
hand-size specimens do not show it, or at times no banding is visible even 
in large masses. A hornblende-granite will yield a hornblende-gneiss, a 
biothe-granite produces a bioiit e-gneiss, figure 257. Gneiss is the com- 
monest of the metamorphic rocks and is usually of a light color. 



Figure 237. Biotit«-Gneiss, Showing Banded Structare. Uxbridge, Maesacbasetta 
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Mica-schist differs from gneiss chiefly in the absence of feldspar; it 
is, therefore, usually composed of quartz and mica. The mica is either 
muscovite or hiotite and it is the most abundant ingredient, its plates 
being arranged in parallel planes which produce what is called a 
“schistose structure.” Its color is usually gray, if mirseovite is its ehiel 
mineral, or black if hiotite predominates. Next to gneiss, mica-schist is 
the commonest of the metamorphic rocks. 

Other Schists. There are various other .schists which are chiefly 
produced by the change of those igneous rocks rich in iron and mag- 
nesium, such as peridotite, pyroxenite. gabbro or dolerite. 

Hornblende-schist is probably the commonest of these rocks. In it 
amphibole of one variety or another, is the most abundant mineral. The 
color is usually dark green to black and the grain of the rock is either 
fine or coarse. In the coarser varieties the hornblende may be seen with 
the naked eye as blades or long needles with distinct cleavage. 

In the finer-grained varieties of hornblende-schist the blades or 
needles can be seen only by the aid of a lens and usually the rock is less 
schistose in structure, grading into a compact mass, to which the name 
amphibolite is often given, though this name is not infrequently applied 
to any hornblende-schist. 

Hornblende-schist is heavy and hard enough so that it is scratched 
with difRculty by a knife. 

Chlorite-schist, is a rock composed chiefly of closely compacted, 
minute scales of chlorite, usually of a dull, grayish-green color and soft 
enough to be easily scratched with a knife. It is a widely distributed 
rock. 

Greenstone is a compact variety of chlorite-schist. 

Talc-schist is a schistose rock of a pearly luster and greasy feel due 
to its abundance of talc. This may be in coarse foliated aggregates, or 
in fine scales and because of its softness the rock may be scratched with 
the finger nail. As the rock becomes less pure and more compact it 
passes into steatite or soapstone. 

Quartzite is metamorphosed sandstone. It is an exceptionally liard, 
firm and compact rock, breaking with a conchoidal or splinterj* fracture. 
This method of breaking is due to the fact that in the alteration of the 
original rock its grains have been firmly cemented : so that while sand- 
stone breaks throuch the cement and not throucrh the individual grains, 
in quartzite the fracture is straight through grains and cement alike. 
This fact makes it easy to distinguish between these two rocks. 
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Typical quartzite is a pure quartz rock whose color would naturally be 
white, but there are, of course, many impurities, usually minerals of 
microscopic sizes, which impart various colors, such as red, pink, gray 
or brown. Mica may he present in considerable quantity and if so the 
rock grades into a mica-schist. 

Quartzite is a very common rock and, because of its great hardness, 
and insolubility in water, it resists weathering and is, therefore, often a 
prominent feature in the landscape, appearing in castellated or cathedral- 
like spires, or bold cliffs, or ledges. 

Slate is a soft, dense rock which cleaves readily into thin plates. 
Its mineral grains, like those of the parent rock, shale, are so fine that 
they cannot be distinguished even with a lens. 

The parting of shale is parallel with the natural stratification, but the 
cleavage so characteristic of slate has no relation to the original strati- 
fication, but is due to the great pressure which altered the shale as well 
as the cleavage of the minerals making up the slate. As these are all 
microscopic the beginner need not bother with them. The color of slate 
is commonly gray or black, but may be red, green, brown, yellow. 

Slate is used as roofing tiles, in laboratory tables and many minor 
structural uses. 

Marble is limestone metamorphosed by heat and pressure into a 
crystalline rock. It may be either fine-grained, as in the Carrara and 
Vermont marbles, or coarse-grained, as in those of Georgia. Typical 
ealeite marble is pure white, but in many localities a little graphite 
shows itself as black veins, or the presence of iron oxide gives red and 
yellow colors, while a green mottling is due to chlorite. Pure marble, 
of course, has the composition and properties of calcite, see page 149. 

Dolomite marble cannot be distinguishcil at sight from calcite mar- 
ble. Lee, Massachussetts produces a typical fine-grained variety and 
Tuckahoe, New York a coarse-grained. 

In the marble trade many rocks are sold as “marble” which, from a 
geological standpoint, are not true marbles. Thus the very widely used 
“Tennessee Marbles” are really not metamorphic rocks, but limestones. 
Any rock which is not classed as a “granite” is termed “marble” by the 
trade if it takes a good polish and can be produced in large blocks. 
Many limestones containing fossil corals, crinoid stems and shells of 
many kinds are sold as “marble.” Italy. France, Greece and many 
other countries besides the United States are large producers. 

Serpentine is described on page 242. 




APPENDIX I 

IDENTIPICATION OF MINERALS 

Steps in Determining Minerals 

1st. Observe the luster and decide •whether the specimen is metallic 
or non-metallic. 

2d. Determine the hardness, as explained in Chapter 5. 

3d. Observe the color and, if the luster is metallic, test the streak. 
With the aid of the table on page 270 j’ou should then be able to decide 
whether your specimen is one of the minerals included in this list. 

4th. If your specimen does not have metallic luster, your next step, 
after determining its hardness, will be to decide in which one of the 
color groups it belongs. 

5th. Next observe its color more minutely and decide which one of 
the colors under the general heading you selected, most accurately fits 
your specimen. 

6th. Compare its properties with those mentioned under “other char- 
acteristics” and you will probably find that your specimen tallies with 
one of the minerals there described. If you are still in doubt, turn to 
the further description of the mineral you think it is and you will come 
to a definite conclusion, which will almost certainly be correct. 

Points to be Noted 

lai Ilardnesi. It it quite po.stilile that the liegiinier may not he able 
to (leteruiiiie the hardnets accurately uulett there are tliarp points and 
.smooth .surfaces on the specimen. Do not he di'couraged. Te.'t it. as 
suggested on page 32. with your finger nail, a cent, your knife blade 
and a quartz crystal, and you will get a good lougli idea of its hardness. 
Then Use such minerals in the regular scale of hardness as you find 
necessary. 

lb) Color. Even if you do not succeed in accurately determining the 
liardness, it will not be a hopeless task to check up your specimen with 
all of tile minerals in several of the group' of the 'anie color. For ex- 
ample: if you decide that its general color is blue and you are in doubt 
as to whether its hardness is 3 or 4, run through the descriptions of 
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ALL of the minerals under “Color Green or Blue” in the sections head- 
ed “Hardness 3. to 3.75” and “Hardness 4. to 4.75.” 

(e) Specific Gravity (“G”) is noted for a few minerals, not with the 
idea that you will determine it with accuracy, but to call your attention 
to minerals which are notably heavju 

(d) Other Characteristics noted, such as erj'stal form, cleavage, struc- 
ture and other distinctive peculiarities, will greatly aid you. You will 
be familiar with all of these if you have studied Chapters 1 to 19. Bear 
in mind that minerals vary greatly and that your specimen may have 
a different color or form or in a number of ways be unlike the descrip- 
tions given in the table and still be the mineral to which the table leads 
you. This table is by no means complete, but it does contain the large 
majority of the minerals you are most likely to meet, and in their most 
important variations. 



KEY TO DETERMINATION OF MINERALS 


DIVISION I. MINERALS WITH METALLIC OR SUB-METALLIC 

LUSTER 


Page 


(a) Hardness 1. to 1.75 270 

(b) Hardness 2. to 2.75 270 

(c) Hardness 3. to 3.75 270 

(d) Hardness 4. to 4.75 271 

(e) Hardness 5. to 6.50 - 271 


DIVISION II. MINERALS WITHOUT METALLIC LUSTER 


Page 


(a) Hardness 1. to 1.75; 

Color Yellow 272 

Color Red 272 

Color Brown 272 

Color Black or Gray 272 

Color White 273 

Color Green 273 

(b) Hardness 2. to 2.75: 

Color Yellow 273 

Color Red 273 

Color Brown 274 

Color Black or Gray 274 

Color White, or Colorless 274 
Color Green or Blue 275 

(c) Hardness 3. to 3.75 : 

Color Yellow 275 

Color Red 276 

Color Brown 277 

Color Black or Gray 277 

Color White, or Colorless 278 
Color Green or Blue 279 

(d) Hardness 4. to 4.75: 

Color Yellow 279 

Color Red 280 

Color Brown 280 


Page 

(d) Hardness 4. to 4.75: 

Color Black or Gray 281 

Color White, or Colorless 281 
Color Green or Blue 282 

(e) Hardness 5. to 5.75: 

Color Yellow 283 

Color Red 283 

Color Brown 284 

Color Black or Gray 284 

Color White, or Colorless 285 
Color Green or Blue 286 

(f) Hardness 6. to 6.75: 

Color Yellow 287 

Color Red 288 

Color Brown 288 

Color Black or Gray 289 

Color White, or Colorless 290 
Color Green or Blue 291 

ig-) Hardness 7. to 10: 

Color Yellow 292 

Color Red 293 

Color Brown 294 

Color Black or Gray 295 

Color White, or Colorless 296 
Color Green or Blue 297 
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I. MINERALS WITH METALLIC OR SUB-METALLIC LUSTER 


Hardness 

Color 

Streak 

Mineral 

Page 

(a) Hardness: 1. to 1.75 




1. to 1.5 

Pure lead-gray 

Bluish-gray on paper; 
greenish-gray on por- 
celain 

Molybde- 

nite 

192 

1. to 2. 

Iron-black to dark 
steel-gray 

Black, shining 

Graphite 

If 2 

(b) Hardness: 2. to 2,75 

2 . 

Lead-gray 

Lead-gray 

Stibnite 

137 

2. to 2.5 

Iron-black or dark 
gray 

black 

Pyrolusite 

189 

2. to 2.5 

Blackish lead-gray 

Blackish lead-gray 
shining 

Argentite 

196 

2.5 to 2.75 

Pure lead-gray 

Pure lead-gray 

Galena 

18-1 

2.0 to 3. 

Blackish lead-gray 

Blackish lead-gray 

Chalcoeite 

170 

2.5 to 3. 

Golden-yellow 

Golden-yellow 

Gold 

174 

2.5 to 3. 

Silver-white 

Silver-white 

Silver 

19.5 

2.5 to 3. 

Copper-red 

Copper-red, shining 

Copper 

L’.S 

(c) Hardness: 3. to 3.75 

2.5 to 3. 

Blackish lead-gray. 

Blackish lead-gray 

Chalcoeite 

170 

2.5 to 3. 

Golden-yellow 

Golden-yellow 

Gold 

174 

2.5 to 3. 

Silver-white 

Silver-white 

Silver 

195 

2.5 to 3. 

Copper-red 

Copper-red, shining 

Copper 

168 

3. 

Reddish pinchbeck- 
brown 

Pale grayish-black 

Bornite 

170 

3. to 4. 

Flint-gray to iron- 
Black 

Same as color 

Tetrahe- 

drite 

171 

3.5 

Tin-white 

Tin-white 

Antimony 

137 

3. to 3.5 

Tin-white 

Tin-white 

-Lrsenic 

138 

3.5 to 4. 

Brass-yellow 

Greenish-black 

Chalcopy- 

rite 

169 

3.5 to 4. 

Light bronze-yellow 

Light bronze-brown 

Pentland' 

ite 

193 

3.6 to 4.6 

Reddish bronze-yellow 

Dark grayish-black 

Pyrrhotite 

179 
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Hardness 

Color 

Streak 

Mineral 

Page 

(d) Hardness; 4. to 4.75 




3. to 4. 

Flint-gra 5 ' to iron- 
black 

Same as color 

Tetrahe- 

drite 

171 

3.5 to 4. 

Brass-yellow 

Greenish-black 

Chalcopy- 

rite 

169 

3.5 to 4. 

Light bronze-yellow 

Light bronze-brown 

Pentland- 

ite 

193 

3.5 to 4.5 

Reddish bronze-yellow 

Dark grayish-black 

Pyrrhotite 

179 

4. 

Dark steel-gray to 
iron-black 

Reddish-brown to near- 
ly black 

Manganite 

106 

(e) Hardness: 5. to 6.5 

5. to 0.5 

Pale copper-red 

Pale brownish-black 

Xiccolite 

193 

5. to 5.6 

Black 

Black 

Wolfram- 

ite 

205 

5. to 5.5 

Brownish-red to brown- 
ish-black 

Yellowish-brown, green- 
ish gray 

Huebner- 

ite 

205 

5.5 

Iron-black 

Brown 

Chromite 

166 

5. to 6. 

Iron-black 

Black to reddish-brown 

Ilmenite 

203 

5.6 to 6.5 

Dark steel-gray to 
iron-black 

Cherry-red or reddish- 
brown 

Hematite 

179 

5.5 to 6.5 

Iron-black 

Black 

Magnetite 

182 

5.5 to 6.5 

Iron-black 

Reddish-brown or black 

Franklin- 

ite 

210 

5.5 to 6.5 

Silver-white to steel- 
gray 

Dark grayish-black 

.Vrsenopy- 

rite 

139 

6. to 6.5 

Pale brass-yellow 

Greenish-black or 
brownish-black 

Pyrite 

178 

6. to 6.5 

Pale bi’onze-yellow 

Grayish or brownish- 
black 

Marcasite 

178 

6. to 6.5 

Brown or reddish- 
black 

I’a'e brov. n 

Rutile 

202 








II. MINERALS WITHOUT METALLIC LUSTER 

fiardne&s Color Other Characteristics Mineral Fa^e 


(a) Hardness 1. to 1.75; 
Color Yellow: 


1. 

Ocher-yellow 

Dull, earthy, soils fin- 
gers 

Yellow 

ocher 

182 

1. to 2. 

Cream-yellow 

Massive or foliated 

Pyrophyl- 

lite 

136 

1. to 3. 

Yellow of various 
shades 

Earthy or pisolitic 

Bauxite 

131 

1.5 to 2. 

Lemon-yellow 

Masses dull, cleavages 
bright, pearly luster 

Orpiment 

138 

1.5 to 2. 

Pale yellow 

Massive or fibrous 

Gypsum 

153 

1.5 to 2.5 

Sulphur-yellow 

Crystals have typical 
sulphur yellow color; 
masses may be green- 
ish-gi'ay, brown, red 

Sulphur 

200 

Color Red: 

1. to 3. 

Brownish-red 

Massive or pisolitic, 
dull 

Bauxite 

131 

1.5 to 2. 

Flesh-red 

Massive, fine granular 

Gypsum 

153 

1. 

Brownish-red 

Dull, earthy, soils fin- 
gers 

Red ocher 

180 

1.5 to 2. 

.A.urora-red 

Gorgeous color, brittle 

Realgar 

138 

Color Brown: 

1. to 3. 

Brown of various 
shades 

Massive or pisolitic, 
dull 

Bauxite 

131 

1.5 to 2. 

Reddish-brown 

Massive, fine granular 

Gypsum 

163 

Color Black or Gray: 

1. to 3. 

Gray 

Massive or pisolitic, 
dull 

Bauxite 

131 

1.5 to 2. 

Black or gray 

Massive, fine granular 

Gypsum 

153 

1. to 1.5 

Gray 

Massive or foliated 

Talc 

242 

1. to 2. 

Gray 

Massive or foliated 

Pyrophyl- 

lite 

136 
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Hardness Color Other Characteristics Mineral Pasre 

Color White: 


1. to 

3. 

White of many tints 

Massive or pisolitic 

Bauxite 

131 

1.5 to 

• 2. 

Snow-white, bluish 

Massive, fine granular 

Gypsum 

163 

1. to 

2. 

White, various tints 

Massive or foliated 

Pyrophyl- 

lite 

13fi 

1. to 

1.5 

White, various tints 

Massiv'e or foliated 

Talc 

242 

1. 


Snow-white 

Fibrous, fluffy 

Ulexite 

145 


Color Green: 


1. to 1.5 

Green, various tints 

Foliated, sectile 

Talc 

242 

1. to 2. 

Brownish-green 

Massive or foliated 

Pyrophyl- 

lite 

136 

1. to 2. 

Blackish-green or 
olive-green 

Flaky-granular masses 

Prochlorite 

232 

(b) Hardness 2. to 2.75: 

Color Yellow: 

1. to 2. 

Cream-yellow 

Massive or foliated 

Pyrophyl- 

lite 

136 

1.5 to 2. 

Lemon-yellow 

Masses dull, cleavages 
bright, luster pearly 

Orpiment 

138 

1.5 to 2.5 

Sulphur-yellow 

Crackles in hand 

Sulphur 

200 

2.5 to 3. 

Brownish-yellow 

Micaceous cleavage 

Phlogopite 

230 

2.75 to 3. 

Yellow, various 

Crystals six-sided 

Vanadinite 

207 

2.75 to 3. 

Lemon to orange 

Crystals four-sided 

Wulfenite 

192 

2.5 to 4. 

Grayish-yellow 

Granular-m icaceous 

Lepidolitc 

230 

2.5 to 5.5 

Greenish-yellow 

Massive, oily luster 

Serpentine 

242 


Color Red: 


1.5 to 2. 

Aurora-red 

Gorgeous color, brittle 

Realgar 

138 

2. to 2.5 

Cochineal-red 

Streak scarlet ; G. 8.0 

Cinnabar 

191 

2. to 2.5 

Scarlet-red 

Streak scarlet: G. 5.6 

Proustite 

197 

2.5 to 3. 

Hyacinth-red 

Streak orange; G. 6.0 

Crocoite 

167 

2.5 to 3.5 

Dark brownish-red 

Vitreous luster: G. 4.5; 
streak white 

Barite 

139 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

2.75 to 3.0 

Bright red, many 
shades 

Crystals six-sided; 
streak nearly white 

Vanadinite 

207 

2.75 to 3.0 

Bright orange-red 

Crystals four-sided; 
streak nearly white 

Wulfenite 

192 

2.5 to 5.5 

Dull brownish-red 

Massive, oily luster 

Serpentine 

242 

Color Brow 

■n: 




2. to 2.0 

Hair-brown 

Mica, found with quartz 
and feldspar 

Muscovite 

229 

2.5 to 3. 

Yellowish-brown, often 
with coppery reflec- 
tions 

Mica, found in lime- 
stone or serpentine 

Phlogopite 

230 

2.75 to 3. 

Grayish-brown 

Crystals six-sided, brit- 
tle; no cleavage 

Vanadinite 

207 


Color Black or Gray: 


1. to 2. 

Light gray 

Massive or foliated 

Pyrophyl- 

lite 

136 

2. to 2.5 

Dark gray to black 

Massive or oolitic 

Colloph- 

anite 

153 

2. to 2.5 

Dull gray 

Massive, clay-like 

Kaolinite 

133 

2. to 2.5 

Grayish-white 

Micaceous cleavage 

Muscovite 

229 

2.5 to 3. 

Black or dark brown 

Micaceous cleavage 

Biotite 

230 

2.5 to 4. 

Pale gray 

Granular-micaceous 

Lepidolite 

230 

2.5 

Black or grayish-black 

Streak purplish-red; 
luster metallic-adam- 
antine 

Pyrargy- 

rite 

197 

2.75 to 3. 

Yellowish-gray or 
grayish-white 

Ciwstals four-sided; 
o'. 7.0 

Wulfenite 

192 

Color White, or Colorless: 

1. to 2. 

Grayish-white 

Massive or foliated 

Pyrophyl- 

lite 

136 

2. 

Colorless 

Sectile, cleavage plates: 
or crvstals. figures 187, 
188 

Selenite 

153 

2. to 2,5 

Snow-white or gray- 
ish-white 

Massive, claj'-like 

Kaolinite 

133 

2. to 2.5 

Colorless, altering to 
snow-white 

Dissolves in water 

Borax 

144 
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Hardness 

Color 

Other Characteristics 

Mineral 

Fa£:e 

2. to 2.5 

Dull white or yellow- 
ish- or grayish-white 

- Massive; pebbles or 
oolitic 

Coilophan- 

ite 

153 

2.5 

Colorless to snow- 
white 

Massive or showing 
nearly cubical cleav- 
age 

Cryolite 

198 

2.5 

Grayish- or bluish- 
white 

Easy basal cleavage ; 
sectile; luster pearly 

Brucite 

188 

2.5 to 3.5 

Colorless, snow-white 
or yellowish-white 

Granular-massive or 
cleavable; G. 4.5 

Barite 

139 

2.75 to 3. 

Colorless or white of 
various tints 

Luster adamantine or 
vitreous or greasy; 
very heavy; G. 6.3 

Anglesite 

185 

Color Green or Blue: 

1. to 2. 

Blackish-green to 
grass-green 

Granular-massive or in 
worm-like crystals 

Prochlorite 

232 

2. to 2.6 

Dark bluish-green or 
pale grayish-green 

Six-sided plates or 
scaly-granular 

Clinochlore 

232 

2. to 2.5 

Emerald-green when 
Hewed laterally 

Micaceous cleavage 

Muscovite 

229 

2.5 

Pale grayish-blue 

Easy basal cleavage : 
sectile; pearly luster 

Brucite 

188 

2.5 

Prussian-blue in color- 
less mass 

Saline taste; cubic 
cleavage 

Halite 

198 

2. to 3. 

Apple-green 

.Amorphous: very fri- 
able 

Garnierite 

193 

2. to 4. 

Bluish- or grayish- 
green, turquois-blue 

.\morphous or boti-j’- 
oidal: friable 

Chryso- 

colla 

173 

2.5 to 3.5 

White or colorless, tint- 
ed pale blue 

Tabular cry.=tals 

Barite 

139 

2.5 to 4. 

Lavender, lilac or vi- 
olet 

Granular-micaceous 

Lepidolite 

230 

2.5 to 5.5 

Leek- or blackish- 
green 

Massive: oily luster 

Serpentine 

242 

(c) Hardness 3. to 3.75: 

Color Yellow: 

2.5 to 3. 

Brownish-yellow 

Micaceous cleavage 

Phlogopite 

230 

2.5 to 4. 

Grayish-yello-w 

Granular-micaceous 

Lepidolite 

230 

2.5 to 6.5 

Greenish-yellow 

Massive; oily luster 

Serpentine 

242 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

2.75 to 3. 

Yellow, various 

Crystals six-sided 

Vanadinite 

207 

2.76 to 3. 

Lemon to orange 

Crystals four-sided 

Wulfenite 

192 

3. 

Light yellow 

Crystalline or with 
cleavage into rhombs 

Calcite 

146 

3.5 

Brownish-yellow 

Drusy or stout crystals 

Descloiz- 

ite 

207 

3.5 to 4. 

Cream- to wine-yellow 

Coarse-fibrous, or in 
six-sided crystals; no 
cleavage 

-Cragonite 

150 

3.5 to 4. 

Pale wine-yellow to 
nearly white 

Radiated-crystalline 
masses, or crystals 

Strontian- 

ite 

199 

3.5 to 4. 

Brownish-yellow 

Radiated or sheaf-like 

Stilbite 

247 

3.5 to 4. 

Brownish-yellow 

Granular, or showing 
distinct dodecahedral 
cleavage 

Sphalerite 

208 

Color Red; 

2.5 to 3. 

Hyacinth-red 

Streak orange; G. 6.0 

Crocoite 

167 

2.75 to 3. 

Bright red, many 
shades 

Crystals six-sided; 
streak nearly white 

Vanadinite 

207 

2.75 to 3. 

Bright orange-red 

Crystals four-sided; 
streak nearly white 

Wulfenite 

192 

2.5 to 3.5 

Dark reddish-brown 

Vitreous luster; G. 4.5; 
streak white 

Barite 

139 

2.5 to 5.5 

Dull brownish-red 

Massive; oily luster 

Serpentine 

242 

3. 

Various shades of red 

Crystalline, or with 
cleavage into rhombs 

Calcite 

146 

3. to 3.5 

Brownish- to yellowish- 
red 

Usually in tabular crys- 
tals or cleavages 

Celestite 

199 

3.5 

Brownish-red to scar- 
let 

Stout ci-ystals or drusy 

Descloiz- 

ite 

207 

3.5 to 4. 

Brick-red 

Coffin-shaped crystals; 
luster vitreous and 
pearly 

Heulandite 

246 

3.5 to 4. 

Brick-red 

Radiated or sheaf-like 

Stilbite 

247 

3.6 to 4. 

White, tinted pink 

Very fine-granular 

Alunite 

195 

3.5 to 4. 

Ruby-red to cochineai- 
red 

Streak brownish-red. 
shining; G. 6.0 

Cuprite 

171 
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fiardne!»s 

Color 

Other Characteristics 

Mineral 

Pagre 

3.5 to 4.5 

Rose-pink to brownish- 
red 

Crystalline or in 
rhombs or scaleno- 
hedrons 

Rhodo- 

chrosite 

190 

Color Brown: 

1. to -3. 

Brown, various shades 

Massive or pisolitic; 
dull 

Bauxite 

131 

2.5 to 3. 

Yellowish-brown, often 
with coppery reflec- 
tions 

Mica, found in lime- 
stone or serpentine 

Phlogopite 

230 

2.5 to 3.5 

Brown, various shades 

Granular masses; G. 

4.5 

Barite 

139 

2.76 to 3. 

Grayish-brown 

Crystals six-sided; brit- 
tle; no cleavage 

Vanadinite 

207 

3. 

Brown, various shades 

Crystalline or with 
cleavage into rhombs 

Calcite 

146 

3.5 

Light to blackish- 
brown 

Stout crystals or drusy 

Descloizite 

207 

3.5 to 4. 

Pale to dark brown 

Crystalline, or with 
cleavage into rhombs 

Siderite 

183 

3.5 to 4. 

Light to blackish- 
brown 

Granular, or showing 
dodecahedral cleavage 

Sphalerite 

208 

3.5 to 4. 

Yellowdsh-brown 

Radiated or sheaf-like 

Stilbite 

247 

Color Black or Gray: 

2.5 to 3.5 

Light to dark gray 

Granular masses; G. 4.5 

Barite 

139 

2.5 to 4. 

Pale gray 

Granular-micaceous 

Lepidolite 

230 

2.75 to 3. 

Yellowish-gray or 
grayish-white 

Crystals four-sided; G. 
7.0 

Wulfenite 

192 

2.75 to 3. 

Dull gray 

Fine-granular masses; 

G. 6.3 

Anglesite 

185 

3. 

Various shades of gray 

Granular masses; fizz 
with acid 

Calcite, 

Limestone 

146 

•3. to o.o 

Light gray 

Granular masses 

Anhydrite 

154 

3. to 3.5 

Light to dark gray 

Fine-granular masses, 
greasy-adamantine lus- 
ter; or reticulated or 
slender crystals 

Cerussite 

185 

3.5 

Grayish-black 

Stout crystals or drusy 

Descloizite 

207 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

3.5 to 4. 

Various shades of grray 

Granular masses; dis- 
solves only in hot acid 

Dolomite- 

Limestone 

187 

3.5 to 4. 

Light gray 

Very fine-granular 

Alunite 

195 

3.5 to 4. 

Gray grading to white 
and black 

Fine to coarse-granular 

Sphalerite 

208 

Color White, or Colorless: 

2.5 to 3.5 

Colorless, snow-white 
or yellowish-white 

Granular-massive or 
cleavable; G. 4.5 

Barite 

139 

2.75 to 3. 

Colorless or white of 
various tints 

Luster adamantine or 
vitreous or greasy; 
very heavy, G. 6.3 

Anglesite 

185 

3. 

Various shades 

Crystalline or with 
cleavage into rhombs, 
or in crystals 

Calcite 

146 

3. 

Colorless 

Cleaves into plates re- 
sembling selenite; sol- 
uble in water 

Kernite 

145 

3. to 3.5 

Snow-, grayish- or 
bluish-white 

Fine-granular masses 

Anhydrite 

154 

3. to 3.5 

Crystals colorless, 
masses snow-white, 
grayish-, bluish- 
white 

Best distinguished from 
barite by flame test 

Celestite 

199 

3. to 3.5 

Snow-white to grayish 

Acicular or reticulated 
crystals, or masses 
ivith greasy-adaman- 
tine luster 

Cerussite 

185 

3. to 3.75 

Yellowish- or grayish- 
white 

Columnar or in six-sid- 
ed double pyramids 

Witherite 

141 

3.5 to 4. 

Yellowish- or grayish- 
white 

Granular masses; res- 
inous-adamantine lus- 
ter 

Sphalerite 

203 

3.5 to 4. 

Snow-white or various 
other shades 

Coarse- or fine-granu- 
lar, or rhombohedral 
crystals or cleavages 

Dolomite 

187 

3.5 to 4. 

White of many shades, 
or colorless crystals 

Granular-fibrous mass- 
es, or steep, pyramidal 
crystals 

Aragonite 

150 

3.5 to 4. 

White of many shades 

Compact-massive, fine- 

Magnesite 

187 


or coarse-crystalline, 
or rhombic cleavages 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

3.5 to 4. 

Yellowish-, grayish- or 
greenish-white 

Columnar-fibrous mass- 
es, or steep-pyramidal 
crystals 

Strontian- 

ite 

199 

3.5 to 4. 

Crystals colorless to 
slightly reddish- 
white 

Coffin-shaped or round- 
ed crystals; brilliant 
luster 

Heulandite 

246 

3.5 to 4. 

Snow-white, grayish- 
or browmish-white 

Radiated or sheaf-like 

Stilbite 

247 

3.5 to 4. 

Grayish- or pinkish- 
white 

Fine-granular masses 

Alunite 

195 

Color Green or Blue: 

2. to 3. 

Apple-green 

Amorphous; very fri- 
able 

Garnierite 

193 

2. to 4. 

Bluish-green 

Amorphous or botry- 
oidal; friable 

Chrysocolla 173 

2.5 to 3.5 

Colorless tinted green 
or blue 

Tabular crystals 

Barite 

139 

2.5 to 5.5 

Leek or blackish-green 

Massive; oily luster 

Serpentine 

242 

3. 

Green or blue of vari- 
ous shades 

Cleavable masses, also 
many other types 

Calcite 

146 

3. to 3.5 

White tinted light blue 

Fine-granular 

Anhydrite 

154 

3. to 3.5 

Pale grayish-blue 

Fibrous or granular 

Celestite 

199 

3.5 to 4. 

White tinted by blue or 
green 

Fibrous or massive 

Aragonite 

150 

3.5 to 4. 

Blue of many shades 

Crystals and masses 

Azurite 

172 

3.5 to 4. 

Light or dark green 

Tufted, or in masses 
with concentric band- 
ing 

Malachite 

172 

Id) Hardness 4. to 4.75: 

Color Yellow: 

2.5 to 4. 

Grayish-yellow 

Granular-micaceous 

Lepidolite 

230 

2.5 to 5.5 

Greenish-yellow 

Massive; oily luster 

Serpentine 

242 

3.5 to 4. 

Grayish-yellow 

Crystals, or granular 
masses; resinous-ad- 
amantine luster 

Sphalerite 

208 

3.5 to 4. 

Pale wine-yellow to 
nearly white 

Radiated-crj'stalline 
masses, or crystals 

Strontian- 

ite 

199 
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Haxdnes»i» 

Color 

Other Characteristics 

Mineral Page 

3.5 to 4. 

Cream- or wine-yellow 

Coarse-fibrous, or six- 
sided crystals ; no 
cleavage 

Aragonite 

150 

3.5 to 4. 

Brownish-yellow 

Radiated or sheaf-like 

Stilbite 

247 

4. 

Wine-yellow 

Isometric crystals, octa- 
hedral cleavages, or 
granular masses 

Fluorite 

151 

4.5 to 5. 

Wine-yellow 

Transparent crystals 

Apatite 

152 

4.5 to 5. 

Pale to deep yellow 

Double four-sided pyr- 
amidal crystals, or 
masses 

Scheelite 

205 

Color Red; 

2.0 to 5.5 

Dull brownish-red 

Massive; oily luster 

Serpentine 

242 

3.5 to 4. 

Brownish-red 

Small, rounded crystals 

Sphalerite 208 
“ruby blende” 

3.5 to 4. 

Ruby- to cochineal-reJ 

Streak brownish-red, 
shining; G. 6.0 

Cuprite 

171 

3.5 to 4. 

Brick-red 

Coffin-shaped crystals; 
luster vitreous and 
pearly 

Heulandite 

246 

3.5 to 4. 

White, tinted pink 

Very fine-granular 

Alunite 

195 

3.5 to 4.5 

Rose-pink to brownish- 
red 

Crystalline, or in 
rhombs or scaleno- 
hedrons 

Rhodochro- 

site 

190 

4. to 5. 

Flesh-red 

Crystals are rhombs 

Chabazite. 247 
“Acadialite” 

4. to 4.5 

Rich blood-red 

Streak orange-yellow 

Zincite 

212 

4.5 to 5. 

Brownish-red 

In large six-sided 
prisms 

Apatite 

152 

4.5 to 5. 

Colorless with rose- 
pmk tint 

In tetragonal crystals 
(figures 40 and 252) 

Apophyllite 

250 

Color Brown: 

3.5 to 4. 

Light to blackish- 
brown 

Granular or showing 
dodecahedral cleavage 

Sphalerite 

208 

3.5 to 4. 

Pale to dark brown 

Crystalline, or with 
cleavage into rhombs 

Siderite 

1S3 

3.5 to 4. 

Yellowish -brown 

Radiated or sheaf-like 

Stilbite 

247 
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Hardneas 

Color 

Other Characteristics 

Mineral 

Page 

4. 

Light to dark brown 

Cubical crystals ; octa- 
hedral cleavage 

Fluorite 

151 

4.5 to 6. 

Reddish-brown 

In large six-sided 
prisms 

Apatite 

152 

Color Black or Graj” 

2.5 to 4. 

Pale gray 

Granular-micaceous 

Lepidolite 

230 

3.5 to 4. 

Gray, grading to w'hite 
and black 

Fine- to coarse-granu- 
lar 

Sphalerite 

208 

3.5 to 4. 

Various shades of gray 

Granular masses ; dis- 
solves only in hot acid 

Dolomite- 

Limestone 

187 

3.5 to 4. 

Purplish-gray 

Twins resembling six- 
sided prisms 

Aragonite 

150 

3.5 to 4. 

Pale gray 

Very fine-granular 

Alunite 

195 

4.5 to 5. 

Light gray 

In tetragonal crystals 
(figures 40 and 252) 

Apophyllite 250 

4.6 to 5. 

Light to dark gray 

In large six-sided 
prisms 

Apatite 

152 

Color White, or Colorless: 

3.6 to 4. 

Snow-white or tinted 
gray or yellow 

Coarse to fine-crystal- 
line, or in rhombohe- 
dral crystals 

Dolomite 

187 

3.6 to 4. 

Snow-white, or various 
tints 

Crystals twinned, ap- 
pearing hexagonal, ra- 
diated, fibrous, crystal- 
line 

Aragonite 

150 

3.6 to 4. 

Yellowish-white or 
brownish- white 

Radiated or sheaf-like 

Stilbite 

247 

3.6 to 4. 

Snorv-white, yellowish 
and other tints 

Coffin-shaped crystals; 
luster vitreous and 
pearly 

Heulandite 

246 

3.5 to 4. 

Grayish- or pinkish- 
white 

Very fine-granular 

Alunite 

195 

3.5 to 4.5 

Snow-white or tinted 
gray or yellow 

Compact, cry’stalline or 
in cleavage rhombs 

Magnesite 

187 

4. 

Colorless, or various 
shades of white 

Cubical crystals, octa- 
hedral cleavages, or 
granular-crystalline 
masses 

Fluorite 

151 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

4. to 4.6 

Colorless, or yellowish- 
to milk-white 

Complex crystals, or 
cleavage masses 

Colemanite 

145 

4. to 5. 

Colorless, snow-white 
or reddish-white 

Crystals are rhombs 

Chabazite 

247 

4. to 7.25 

Yellowish- to snow- 
white 

Coarsely-bladed 

Kyanite 

134 

4.5 to 5. 

Colorless, or white of 
various tints 

Crystals usually in odd 
cockscomb groups, oft- 
en drusy in cavities 

Calamine 

209 

4.5 to 6. 

Colorless, or tinted 
pink, green or blue 

In tetragonal crystals 
(figures 40 and 252) 

Apophyllite 250 

4.5 to 5. 

Colorless, or -white of 
various shades 

Colorless, transparent, 
crystals, usually tabu- 
lar, with many faces; 
when in masses, near- 
ly opaque 

Apatite 

162 

4.5 to 0 . 

White either milky or 
of various shades 

Double four-sided pyr- 
amidal crystals, or 
masses 

Scheelite 

205 


Color Green or Blue: 


2. to 4. 

Bluish-green to tur- 
quois-blue 

Amorphous or botry- 
oidal; friable 

Chrysocolla 173 

2.5 to 4. 

Lavender, violet, lilac 

Granular-micaceous 

Lepidolite 

230 

2.5 to 5.5 

Leek- or blackish- 
green 

Massive; oily luster 

Serpentine 

242 

3.5 to 4. 

Pale greenish or blue 

Fibrous or massive 

Aragonite 

150 

3.5 to 4. 

Pale asparagus-green 

Radiated, crystalline 
masses, or crystals 

Strontian- 

ite 

199 

3.5 to 4. 

Light or dark green 

Tufted, or in masses 
■with concentric band- 
ing 

Malachite 

172 

3.5 to 4. 

Blue of many shades 

Crystals and masses 

Azurite 

172 

4. 

JIany shades of green 
and blue 

Cubical crystals, octa- 
hedral cleavages, gran- 
ular-crystalline masses 

Fluorite 

151 

4. to 7.25 

Sapphire-blue to green 
of many shades 

Coarsely-bladed 

Kyanite 

134 

4.5 to 5. 

Pale blue or green tints 
in white 

Crystals usually in odd 
cockscomb groups, oft- 
en drusy in cavities 

Calamine 

209 





MINERALS WITHOUT METALLIC LUSTER 


283 


Htardness 

Color 

Other Characteristics 

Mineral 

Page 

4.5 to 5. 

Pale blue or g^reen tints 
in white 

In tetragonal crystals 
(figures 40 and 252) 

-Apophyllite 250 

4.5 to 5. 

Various shades of blue 
and green 

In hexagonal prisms, 
often large, or in 
showy' masses 

-Apatite 

152 

4.5 to 5. 

Dull shades mostly 
greenish-white 

Double four-sided, py- 
ramidal crystals, or 

Scheelite 

205 



masses 



(e) Hardness 5. to 5.75: 

Color Yellow: 

2.5 to 5.5 

Greenish-yellow 

Massive; oily luster 

Serpentine 

242 

4.5 to 5. 

Pale to deep yellow 

Double four-sided py- 
ramidal crystals, or 

Scheelite 

205 



masses 



5. 

Turkey-fat yellow 

Mammillary masses 

Smithsonite 209 

5. to 5.5 

Pale yellowish 

Usually in groups of 
crystals 

Datolito 

250 

5. to 6.5 

Pale yellow to orange- 
yello%v 

Radiated masses show- 
ing concentric banding 

Natrolite 

248 

5. to 5.5 

Greenish-yellow 

Twin crystals, often 

Titanite 

204 



gemmy 



5. to 6. 

Cream-yellow 

Separable into flexible 
fibers 

-Amphibole- 

-Asbestus 

216 

5. to G. 

Lemon-yellow to 
orange 

.Associated with blue 
sodalite in nephelite- 
syenite 

Cancrinite 

225 

5.5 

Greenish or lemon- 
yellow. many shades 

Fluorescence green un- 
der ultra-violet rays 

tVillemite 

211 

5.5 to 6.5 

Many shades 

-Amorphous, brittle 

Opal 

240 

Color Red: 

2.5 to 5.5 

Brownish-red, dull 

Massive, oily luster to 
dull 

Serpentine 

242 

4. to 5. 

Flesh-red 

Crystals are rhombs 

Chabazite, 247 
“-Acadialite” 

4.5 to 5. 

Rose-pink 

In tetragonal crystals 

1 figures 40 and 252) 

-Apophyllite 

250 

5.6 to 6.5 

Brownish-red and oth- 
er shades 

-Amorphous, brittle 

Opal 

240 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

5.5 to 6.5 

Rose-pink 

Triclinic crystals, or 
granular massive i 
tough 

Rhodonite 

190 

Color Brown: 

4.5 to 5. 

Rusty-brown 

ilassive ore, often with 
druses of colorless 
crystals 

Calamine 

209 

0 . 

Rusty-brown 

Massive or mammillary 

Smithsonite 209 

5. to 5.5 

Dark to blackish- 
brown 

Streak yellowish-brown ; 
never crystallized 

Limonite 

181 

5. to 5.5 

Dark to blackish- 
brown 

Fibrous masses ; same 
streak as limonite 

Goethite 

1S2 

5. to 5.5 

Blackish- and other 
shades of brown 

Often in flat, monoclinic 
crystals; good cleav- 
age 

Titanite 

204 

5.5 

Reddish-brown 

Large coarse crystals, 
also massive; with 
franklinite 

Willemite 

211 

5. to 6. 

Reddish-browTi 

BlaJed masses and 
crystals 

Pyroxene 

217 

5. to 6. 

Reddish-brown 

Bladed masses and 
crystals 

Am phibole 

215 

5.5 to 6.5 

Various shades 

Amorphous; brittle 

Opal 

240 

Color Black or Gray: 

4.5 to 5. 

Light gray 

Groups of crystals (see 
figures 40 and 252) 

Apophyllite 250 

5. 

Light to dark gray 

Mammillary masses 

Smithsonite 209 

5. 

Light gray 

Compact, or radiated 

Pectolite 

249 

5. to 6.5 

Black 

Cleaves in one direc- 
tion; G. 7.5; black 
streak; luster sub- 
metallic 

IVolframite 205 

5. to 5.5 

Dark brown to black 

Often in flat monoclinic 
crystals ; good cleav- 
age 

Titanite 

204 

5.5 

Black or gray 

Masses of arreasy lus- 
ter: G. 4.1 

tVillemite 

211 



MINERALS WITHOUT METALLIC LUSTER 


285 


Hardness 

Color 

Other Characteristics 

Mineral 

Paye 

5.5 

Black 

Massive or botryoidal, 
rarely in isometric 
crj’stals; sub-metallic 
luster; very heavy, 

G. 9. 

Uraninite 

206 

5. to 6. 

Grayish- or brownish- 
black 

Streak brownish-black, 
lustrous ; massive or 
mammillary 

Psilomelane 189 

5. to 6. 

Dull gray 

Cleavable masses, often 
showing gorgeous 
change of colors 

Labradorite 223 

5. to 6. 

Black or greenish-black 
or gray 

Cleavage-angle 124 
(page 214) ; prismatic 
crystals, or bladed 

Amphibole 

216 

5. to 6. 

Black or greenish-black 
or gray 

Cleavage-angle 93° 

(page 214); frequent- 
ly shows basal part- 
ing (figure 228) 

Pyroxene 

218 

5.6 to 6. 

Gray 

Trapezohedral crystals, 
figure 233. In lavas 

Leucite 

225 

5.5 to 6. 

Gray 

Greasy luster; usually 
massive; crystals hex- 
agonal 

Nephelite 

224 

5.5 to 6.5 

Gray or black 

Amorphous; brittle 

Opal 

240 

Color White, or Colorless: 

4. to 5. 

Colorless or white 

Crystals are rhombs 

Chabazite 

247 

4.5 to 5. 

Colorless or white 

Groups of crystals (see 
figures 40 and 252) 

Apophyllite 250 

4.5 to 5. 

Colorless or white of 
various tints 

Crystals usually in odd 
cockscomb groups, oft- 
en drusy in cavities 

Calamine 

209 

4.5 to 5. 

White, either milky or 
of various shades 

Double four-sided pyr- 
amidal crystals or 
masses 

Scheelite 

295 

4. to 7.25 

Yellowish- to snow- 
white 

Coarsely-bladed 

Kyanite 

134 

5. 

White of various 
shades 

Mammillary masses or 
crystals 

Smithsonite 209 

0. 

Grayish- or yellowish- 
white to snow-white 

Compact or radiated 

Pectolite 

249 

5. to 6.5 

Greenish- or yellowish- 
white 

Usually in groups of 
crystals 

Datolite 

250 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

5. to 5.0 

Colorless or white 

Usually in trapezohe- 
drons (figure 33), 
harder than most ze- 
olites 

Analcite 

248 

5. to 5.5 

Colorless or white 

Often in slender radiat- 
ing crystals or radiat- 
ing masses 

Natrolite 

248 

5. to 5.5 

Colorless or white 

Much resembles natro- 
lite, but acts different- 
ly when heated (see 
page 249) 

Scolecite 

248 

5.5 

Colorless, or various 
shades of white 

Fluoresces (and some- 
times phosphoresces) 
under ultra-violet 
rays 

Willemite 

211 

5. to 6. 

Snow-white, grayish-, 
yellowish-white 

Bladed crystals or 
masses 

Amphibole, 

Tremolite 

216 

5. to 6. 

Colorless 

Cleavable masses 

Labradorite 223 
(Utah) 

5.5 to 6. 

Colorless or white 

Trapezohedral crystals, 
figure 233. In lavas 

Leucite 

225 

5.5 to 6. 

Colorless or grayish- 
white 

He.xagonal crystals 
with vitreous luster 
when transparent, but 
greasy if not clear 

Nephelite 

224 

5.5 to 6. 

Colorless 

Usually in dodecahe- 
drons, figure 28; vitre- 
ous luster 

Sodalite 

224 

5.5 to 6.5 

Colorless 

Transparent, often en- 
crusting, or in spher- 
ical forms, figure 129 

Opal, 

Hyalite 

241 

5.5 to 6.5 

Milk-white 

Semi-translucent to 
opaque, amorphous, 
brittle 

Opal. 

Milk-opal 

241 

Color Green or Blue: 

2.5 to 5.5 

Leek-, or blackish- 
green 

Massive, oily luster 

Serpentine 

242 

4.5 to 5. 

Pale blue or green tints 
in white 

Crystals usually in odd 
cockscomb groups, oft- 
en drusy in cavities 

Calamine 

209 

4. to 7.25 

Sapphire-blue to green 
of many shades 

Coarsely-bladed. or in 
elongated crystals 

Kyanite 

134 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

5. 

Various shades of 
green or blue 

Mammillary masses 

Smithsonite 209 

5. 

Bluish- emerald-green 

Crystals or masses have 
characteristic gorgeous 
color 

Dioptase 

173 

5. to 5.5 

Whitish-green 

Usually in groups of 
crystals, with zeolites 

Datolite 

250 

5. to 5.5 

Deep blue of azure and 
other shades 

Masses, usually called 
lapis lazuli, have many 
other minerals associ- 
ated 

Lazurite 

225 

5. to 5.5 

Y ellowish-green 

Twin crystals, often 
gemmy 

Titanite 

204 

5.5 

Apple-green and many 
other shades 

Fluoresces under ultra- 
violet rays 

Willemite 

211 

5. to 6. 

Yellowish-, grayish- 
and blackish-green 

Cleavage angle 93" 
(page 214) ; frequent- 
ly shows basal parting 
(figure 228) 

Pyroxene 

217 

5. to 6. 

Yellowish-, grayish- 
and blackish-green 

Cleavage angle 124 U 
(page 214) ; often 
bladed 

Amphibole 

215 

5. to 6. 

Lilac or lavender 

Bladed aggregates 

Amphibole, 215 
Hexagonite 

5.5 to 6. 

Dark azure-blue 

Frequently occurs in 
nephelite-syenite, 
sometimes with can- 
crinite 

Sodalite 

224 

5.5 to 6.5 

Apple-green 

Like chrysoprase in col- 
or, but amorphous, 
with smooth fracture 

Opal, 

Prasopal 

240 

(f) Hardness 6. to 6.75: 

Color Yellow: 

5. to 6. 

Lemon-yellow to 
orange 

Associated with blue 
sodalite in nephelite- 
syenite 

Cancrinite 

225 

5.5 to 6.5 

Many shades 

Amorphous; brittle 

Opal 

240 

6. to 6.5 

Cream-yellow' and oth- 
er shades 

Cleavage easy in two 
directions (figure 111) 
practically at right- 
angles 

Common 

feldspar. 

Orthoclase 

Microcline 

221 
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Hardfiess 

Coior 

Other Characteristics 

Mineral Tage 

6. to 7. 

Brownish-yellow 

Very heavy, G. 7 ; lus- 
ter adamantine in 
crystals (often repeat- 
ed twins ) , dull in 
masses 

Cassiterite 201 

6.5 to 7. 

Pale honey-yellow 

Transparent crystals ; 
or fragments due to 
parting 

Spodumene 186 

6.5 to 7.5 

Honey-yellow and 

many other shades 

Common in dodecahe- 
drons 

Garnet. 228 

Topazolite 

Color Red: 

5.5 to 6.5 

Brownish-red and oth- 
er shades 

Amorphous ; brittle 

Opal 240 

5.5 to 6.5 

Rose-pink 

Triclinic crystals, or 
granular-massive ; 
tough 

Rhodonite 190 

6. to 6.5 

Flesh- to brick-red 

Cleavage easy in two 
directions (figure 111) 
practically at right 
angles 

Common 221 

feldspar, 
Orthoclase, 
-Microcline 

6. to 7. 

Brick-red 

Often shows striations 
and gorgeous schiller 
(page 116) 

Oligoclase, 224 
Sunstone 

6. to 6.5 

Pinkish-brick-red 

Lamellar masses 

Anorthite 223 

6. to 7. 

Brownish- to ruby-red 

Very heavy, G. 7 ; lus- 
ter adamantine in 
crystals (often repeat- 
ed twins), dull in 
masses 

Cassiterite 201 

6. to 6.5 

Brownish- >^o blackish- 
red 

Streak light brown; lus- 
ter metallic-adaman- 
tine; crystals tetrag- 
onal-prismatic, some- 
times capillary 

Rutile 202 

6.5 to 7.5 

Ruby-. hyacintb-’'ed. 
pink 

Isometric crystals (fig- 
ures :35. 2-34-236). also 
pebbles 

Garnet 225 

Color Brown: 

5. to 6. 

Reddish-brown 

Bladed masses and 
crystals: cleavage an- 
gle 124U 

Amphibole 215 
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Hardness 

Color 

Other Characteri§tic8 


Pa^re 

5. to 6. 

Reddish-brown 

Bladed masses and 
crystals; cleavage an- 
gle 93° 

Pyroxene 

217 

5.5 to 6.5 

Various shades 

Amorphous; brittle 

Opal 

240 

6. to 6.5 

Hair-brown, reddish- 
brown 

Streak light brown ; lus- 
ter metallic-adaman- 
tine; crystals tetrag- 
onal-prismatic, some- 
times capillary 

Rutile 

202 

6. to 7. 

Various dark shades 

Very heavy, G. 7; lus- 
ter adamantine in 
crystals (often repeat- 
ed twins), dull in 
masses 

Cassiterite 

201 

6. to 7. 

Dull brown 

Fibrous or columnar 
masses 

Sillimanile 

135 

6.5 to 7. 

Reddish-brown 

Granular masses, or 
small crystals. In 
volcanic rocks 

Chrysolite 

231 

6.5 to 7.5 

Various shades 

Isometric crystals (fig- 
ures 35, 234-236) 

Garnet 

225 

Color Black or Gray; 

5. to 6. 

Grayish- or brownish- 
black 

Streak brownish-black, 
lustrous; massive or 
mammillary 

Psilomelane 189 

6. to 6. 

Black or greenish- 
black or gray 

Cleavage angle 93° 
(page 214) ; frequent- 
ly shows basal parting 
(figure 228) 

Pyroxene 

21S 

5. to 6. 

Black or greenish- 
black or gray 

Cleavage angle 1241° 
(page 214) ; prismatic 
crystals, or bladed 

Amphibole 

216 

5.5 to 6. 

Gray 

Greasy luster; usually 
massive; crystals hex- 
agonal 

Nephelite 

224 

5.5 to 6.5 

Gray or black 

Amorphous; brittle 

Opal 

240 

5. to 6. 

Dull gray 

Cleavable masses ; oft- 
en showing gorgeous 
change of colors 

Labradorite 223 

6. to 6.5 

Gray 

Cleavage easy in two 
directions (figure 111) 
practically at right 
angles 

Common 

feldspar, 

Orthoclase. 

Microcline 

221 
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GETTING ACQUAINTED WITH MINERALS 


Hardness 

Color 

Other Characteristics 

Mineral Pag* 

6. to 7. 

Black, greenish- to 
brownish-tlack 

Lustrous crystals ; 
green or brown by 
transmitted light 

Epidote 

219 

6. to 7. 

Various shades of gray 
or black 

Very heavy, G. 7; lus- 
ter adamantine in 
crystals (often re- 
peated twins), dull 
in masses 

Cassiterite 

201 

6.5 to 7.5 

Coal-black 

Isometric crystals (fig- 
ures 35, 234-236) 

Garnet, 

Melanite 

228 

Color White, or Colorless; 

4. to 7.25 

YelloTV’ish- to snow- 
white 

Coarsely-bladed 

Kyanite 

134 

5. to 6. 

Grayish-, greenish-, or 
yellowish-white 

Bladed crystals, or 
masses 

Amphibole, 

Tremolite, 

Actinolite 

215 

216 

5. to 6. 

Grayish-, greenish-, or 
yellowish-white 

Prismatic crystals, or 
masses 

Pyroxene, 

Diopside 

217 

6.6 to 6. 

Colorless or white 

Trapezohedral crystals, 
figure 233. In lavas 

Leucite 

225 

6.6 to 6. 

Colorless or grayish- 
white 

Hexagonal crystals with 
vitreous luster when 
transparent, but 
greasy if not clear 

Nephelite 

224 

5.6 to 6. 

Colorless 

Usually in dodecahe- 
drons, figure 28 ; vitre- 
ous luster 

Sodalite 

224 

5.5 to 6.5 

Colorless 

Transparent; often en- 
crusting, or in spher- 
ical forms, figure 129 

Opal, 

Hyalite 

241 

5.5 to 6.5 

Milk-white 

Semi-translucent to 
opaque; amorphous; 
brittle 

Opal, 

Milk-opal 

241 

6. 

White of various 
shades 

Readily cleavable ; fuses 
easily (feldspar does 
not) 

Amblygo- 

nite 

186 

5. to 6. 

Colorless 

Cleavable masses 

Labrador- 
ite (Utah) 

223 

6. to 6.5 

Colorless or white of 
various shades 

Usually in tabular 
crv'stals or cleavages, 
often deeply striated : 
also lamellar 

Albite 

223 
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Hardness 

Color 

Other Characteristics 

Mineral Fagre 

6. to 6.5 

Colorless or white of 

Usually' in stout crys- 

Common 221 


various shades 

tals (tabular in san- 
idine), not striated, or 
masses with easy' cleav- 
age at right angles 

feldspar, 

Orthoclase, 

Microcline 

6. to 6.5 

Colorless, glassy 

In stout crystals (coat- 
ed in Japan with 
lava) 

Anorthite 223 

6. to 7. 

Colorless or white of 
various shades 

Rarely in crystals, usu- 
ally in striated cleav- 
ages 

Oligoclase 224 

6. to 6.5 

Colorless, greenish- or 
yellowish-white 

Barrel-shaped or glob- 
ular groups of cry's- 
tals, or in crystalline 
coatings 

Prehnite 251 

6. to 7. 

Grayish-, brownish-, or 
yellowish-white 

Fibrous or columnar 
masses 

Sillimanite 135 

6.5 to 7. 

White of various 
shades, rarely 
colorless 

In large, rough crystals, 
or fragments due to 
parting; also small, 
colorless, gem crystals 

Spodumene 186 

6.5 to 7.5 

White, usually yellow- 

Isometric crystals (fig- 

Garnet, 226 


ish 

ures 35, 234-236) 

Grossularite 

Color Green or Blue: 



4. to 7.25 

Sapphire-blue to green 
of many shades 

Coarsely-bladed, or in 
elongated crystals 

Ky unite 134 

5. to 6. 

Yellowish-, grayish- 
and blackish-green 

Cleavage angle 124U 
(page 214); often blad- 
ed 

Amphibole 215 

5. to 6. 

Lilac or lavender 

Bladed aggregates 

Amphibole, 215 
Hexagonite 

5. to 6. 

Yellowish-, grayish- 
and blackish-green 

Cleavage angle 93° 
(page 214) ; frequent- 
ly' shows basal part- 
ing (figure 228) 

Pyroxene 217 

5.5 to 6. 

Dark azure-blue 

Frequently occurs in 
nephelite-sy'enite, some- 
times with cancrinite 

Sodalite 224 

5.5 to 6.5 

.\pple-green 

Like chrysoprase in 
color, but amorphous, 
with smooth fracture 

Opal, 240 

Prasopal 

6. 

Robin’s-egg-blue to 
grayish-green 

Massive, in thin seams 
or scattered through 
rock 

Turquois 136 
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Hardness 

Color 

Other Characteristics 

Mineral Paire 

6. to 6.6 

Pale apple-green 

Barrel-shaped or glob- 
ular groups of crys- 
tals, or in crystalline 
coatings 

Prehnite 251 

6. to 6.5 

Light green or bluish- 
green 

In right-angle cleav- 
ages or stout crystals 

Microcline, 222 
Amazons tone 

6. to T. 

Yellowish-green (pis- 
tachio) to brownish- 
green 

Usually in masses, with 
feldspar and quartz 
(unakite) 

Epidote 219 

6.5 to 7. 

Yellowish- or olive- 
green 

Granular masses, or 
small crystals. In vol- 
canic rocks 

Chrysolite 231 

6.5 to 7. 

Lilac or amethystine 

Gem crystals, often 
showing etching 

Spodumene, 187 
Kunzite 

6.5 to 7.5 

Emerald-green or yel- 
lowish-green 

Isometric crystals (fig- 
ures 35, 234-236) or 
gem pebbles 

Garnet, 

Uvarovite, 228 
Demantoid 228 

(g) Hardness 7. to 10: 

Color Yellow: 

6. to 7. 

Brownish-yellow 

Very heavy, G. 7 ; luster 
adamantine in crystals 
(often repeated twins) ; 
dull in masses 

Cassiterite 201 

6.5 to 7. 

Greenish-yellow 

Granular masses or 
small crystals. In 
volcanic rocks 

Chrysolite 231 

6,5 to 7. 

Pale honey-yellow 

Transparent crystals, 
or fragments due to 
parting 

Spodumene 186 

6.5 to 7..') 

Honey-yellow 

In dodecahedrons (fig- 
ure 234) 

Garnet, 22S 

Topazolite 

7. 

Honey-yellow 

Transparent. No 
cleavage 

Quartz, 234 

Citrine 

"• 

Oclier-yellow 

Senii-translucent: rath- 
er granular masses 

Quartz, 235 

ferruginous 

7. 

Ocher-yellow 

Opaque; rather com- 
pact masses 

Quartz, 239 

Jasper 

7. to 7.5 

Wine-yellow to brown- 
ish- and greenish-yel- 
low 

Transparent crystals, 
U'Ually .3-, 6-. or 9- 
sided prisms 

Tourmaline 244 

7.6 to 8. 

Pale, golden- and 
orange-yellow 

In six-sided prisms, or 
masses: transparent 
to translucent 

Beryl. 142 

Golden Beryl 
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Hardne«>s 

Color 

Other Characteristics 

Mineral 

Page 

8. 

Wine-yellow 

Transparent, prismatic 
crystals 

Topaz 

132 

8.5 

Greenish-yellow 

Transparent, prismatic 
crystals, or pebbles. 
Rare 

Chryso- 

beryl 

135 

9. 

Honey-yellow 

Transparent, often bar- 
rel-shaped crystals, or 
pebbles 

Corundum 

Sapphire 

131 

10. 

Canary-yellow 

Transparent, isometric 
crystals 

Diamond 

156 

Color Red: 

6. to 7. 

Brownish- to ruby-red 

Very heavy, G. 7 ; luster 
adamantine in crystals 
("often repeated twins), 
dull in masses 

Cassiterite 

201 

6. to 7. 

Brick-red 

Often shows striations 
and gorgeous schiller 
(page 116) 

Oligoclase. 

Sunstone 

224 

6.5 to 7.6 

Ruby-, hyacinth-red, 
pink 

Isometric crystals (fig- 
ures 35, 234-236); also 
pebbles 

Garnet 

225 

7. 

Rose-pink 

Transparent or trans- 
lucent masses 

Quartz, 234 

Rose Quartz 

7. 

Brick-red 

Transluccnl ( rarely 
transparent) masses; 
often botryoidal; com- 
pact texture 

Quartz, 236 

Chalcedony 

7. 

Brownish-red 

Translucent to semi- 
translucent; compact 
texture 

Quartz. 

Carnelian 

236 

7. 

Brownish-red 

Semi-translucent; rath- 
er granular masses 

Quartz, 235 

ferruginous 

i . 

Many shades, mostly 
brownish-red 

Opaque: I’ather compact 
masses 

Quartz. 

Jasper 

239 

7. to 7.5 

Rose-pink, ruby, vio- 
let-pink and other 
shades 

Transparent or semi- 
translucent crystals, 
usually 3-, 6-, or 9- 
sided prisms 

Tourma- 244 

line, Rubellite 

7.5 

Brownish-red, hya- 
cinth-red 

Transparent, tetragonal 
crystals, or pebbles, 
yielding fine gems; lus- 
ter adamantine; G. 4.7 

Zircon 

212 
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Hardness 

Color 

Other Characteristics 

Mineral 

Page 

7.5 

Grayish- to rose-red 

Rough, nearly square- 
prisms 

Andalusite 

134 

7.5 to 8. 

Pale rose-pink 

Hexagonal-prismatic 
crystals; transparent 
to semi-translucent 

Beryl, 

Morganite 

142 

8. 

Brownish-rose-pink 

Transparent; prismatic 
crystals 

Topaz 

132 

9. 

Deep, rich pigeon’s- 
blood-red 

Transparent or translu- 
cent; six-sided, often 
barrel-shaped crystals, 
also pebbles 

Corundum, 

Ruby 

131 

9. 

Rose-pink and other 
shades than pigeon’s- 
blood-red 

Often in large cleavable 
masses, as in smarag- 
dite 

Corundum, 131 
pink sapphire 

Color Brown ; 

6. to 7. 

Dark or light brown 

Verj' heavy> G- I; luster 
adamantine in crystals 
(often repeated twins) ; 
dull in pebbles or 
masses 

Cassiterite 

201 

(5. to 7. 

Dull brown 

Fibrous or columnar 
masses 

Sillimanite 

135 

(j.5 to 7. 

Reddish-brown 

Granular masses or 
small crystals. In 
volcanic rocks 

Chrysolite 

231 

6.5 to 7..T 

Various shades 

Isometric crj-stals (fig- 
ures 35, 234^236) 

Garnet 

225 

T. 

Yellowish- to smoke- 
brown 

Transparent to sub- 
translucent; crystals 
or masses; no cleavage 

Quartz, 234 

Smoky quartz 

i . 

Light to dark brown 

Translucent (rarely 
transparent) masses: 
often botryoidal; com- 
pact texture 

Quartz. 

Chalcedon; 

236 

y 

"i. 

Various shades 

Opaque: rather compact 
masses 

Quartz, 

Jasper 

239 

7. to 7.5 

Dark brown 

Often in cross twins. 
Figures 99-101 

Staurolite 

243 

7. to 7.5 

Mo.stly dark brown 

Transparent to semi- 
translucent cry'stals. 
usually 3-, 6-. or 9- 
sided prisms 

Tourmaline 244 
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Hardness Color Other Characteristics Mineral Pagre 


7.5 

Reddish- or smoke- 
brown 

Transparent; tetragonal 
crystals, or pebbles; 
gemmy; luster ada- 
mantine; G. 4.7 

Zircon 

212 

7.5 to 8. 

Yellowish-brown 

In six-sided prisms or 
masses; transparent 
to translucent 

Beryl 

142 

9. 

Light to dark brown 

Often in large masses 
showing parting into 
rhombs 

Corundum 

131 

10. 

Light to dark brown 

Isometric crystals; 
transparent to semi- 
translucent. A com- 
mon type 

Diamond 

156 

Color Black or Gray: 

6. to 7. 

Black or gray 

Very heavy, G. 7 ; luster 
adamantine in crystals 
(often repeated twins) ; 
dull in pebbles and 
masses 

Cassiterite 

201 

6. to 7. 

Black, greenish- to 
brownish-black 

Lustrous crystals; 
green or brown by 
transmitted light 

Epidote 

219 

6.5 to 7.5 

Coal-black 

Isometric crystals (fig- 
ures 35, 234-236) 

Garnet, 

Melanite 

228 

7. 

Light gray 

Fibrous-granular 

masses 

Dumortier- 

ite 

135 

7. 

Brownish- to coal-black 

Transparent to nearly 
opaque crystals or 
masses; no cleavage 

Quartz, 234 

Smoky quartz 

7. 

Black or gray 

T ranslucent (rarely 
transparent) masses ; 
often botryoidal; 
compact texture 

Quartz, 

Chalcedon} 

236 

7. 

Dull-black, smoky- 
black 

Semi-translucent, 
slightly glistening; 
very tough, breaking 
with sharp edges 

Quartz, 

Flint 

238 

7. 

Dull black 

Like flint, but more 
brittle and splintery 

Quartz, 

Chert 

238 

7. to 7.5 

Velvet-black 

Opaque ; prismatic crys- 
tals or columnar mass- 
es; no cleavage (unlike 
black hornblende) 

Tourmaline 244 
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Hardness 

Color 

Other Characteristics 

Mineral "Page 

7.5 

Light gray 

Rough, prismatic crys- 
tals (often with car- 
bonaceous inclusions, 
figure 161) 

Andalusite 134 

7.5 

Gray or brownish-gray 

Tetragonal crystals, fig- 
ures 216-218 ; adaman- 
tine luster 

Zircon 212 

7. to 9. 

Black or grayish-black 

Heavy ; granular 
masses 

Corundum, 131 
Emery 

9. 

Various shades of gray 
to black 

Often in large masses, 
granular, or showing 
parting; sometimes in 
hexagonal crystals ; 
opaque or nearly so 

Corundum 131 

10. 

Gray 

Inferior crystals and 
masses full of flaws 
and feathers or im- 
purities 

Diamond, 161 
Bort 

10. 

Black 

Apparently amorphous ; 
hardest substance 
known 

Diamond, 157 
Carbon 

Color White, or Colorless: 

4. to 7.25 

Yellowish- to snow- 
white 

Coarsely-bladed 

Kyanite 134 

6. to 7. 

Grayish- or brownish- 
white 

Fibrous or columnar 
masses 

Sillimanite 135 

6. to 7. 

Colorless, snow-white 
or grayish-white 

Transparent masses, 
rarely in crystals ; 
usually in white, 
cleavable masses; 
more or less striated 

Oligoclase 224 

fi.o to 7. 

White of various 
shafle.-. rarely 
colorless 

In large rough crystals, 
or fragments due to 
parting. also small, 
colorless gem crystals 

Spodumene 186 

6.5 to 7.5 

White, usually yellow- 
ish 

Isometric crystals, fig- 
ures 05. 234-236 

Garnet, 226 

Grossularite 

f . 

Colorless 

Transparent, prismatic 
crystals of many types 
or clear masses: no 
cleavage 

Quartz, 233 

Rock crystal 


Milk- to snow-white 

Usually in large veins, 
<:ometime=: in crystals, 
figure 244 

Quartz, 234 

Milky quartz 
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Hardness 

Color 

Other Characteristics 

Mineral 

Pa*e 

7. 

Snow-white to grayish 

Semi-translucent, break- 
ing like flint, but more 
splintery 

Quartz, 

Chert 

238 

7.5 to 8. 

Snow-white and other 
shades 

Rough masses of great 
hardness distinguished 
from topaz by lack of 
distinct cleavage 

Beryl 

142 

7.5 to 8. 

Colorless or white of 
various tints 

In six-sided prisms: 
transparent to semi- 
translucent 

Beryl 

142 

8. 

Colorless or white of 
various tints 

In orthorhombic prisms, 
figures 158-160 : trans- 
parent: also rough 
masses showing the 
reflection of light from 
innumerable cleavage 
faces 

Topaz 

132 

9. 

Colorless or white of 
various tints 

Transparent, often bar- 
rel-shaped crystals, or 
pebbles ; or large, near- 
ly opaque masses, ei- 
ther granular or show- 
ing parting 

Corundum 

131 

10. 

Colorless or slightly 
tinted 

Isometric crystals, 
transparent or trans- 
lucent 

Diamond 

156 

Color Green or Blue: 

4. to 7.25 

Sapphire-blue to green 
of many shades 

Coarsely-bladed, or in 
elongated crystals 

Kyanite 

134 

6. to 7. 

Yellowish-green (pis- 
tachio) to brownish- 
green 

L^sually in masses, with 
feldspar and quartz 
(unakite) 

Epidote 

219 

6.5 to 7. 

Yellowish or olive- 
green 

Granular masses, or 
small crystals. In 
volcanic rocks 

Chrysolite 

231 

6.5 to 7. 

Lilac or amethystine 

Gem crystals, often 
showing etching 

Spodumene, 

Kunzite 

187 

6.5 to 7. 

Yellowish- to emerald- 
green 

Small, deeply-etched 
crystals, yielding su- 
perb gems 

Spodumene, 

Hiddenite 

186 

7. 

Sapphire-blue or laven- 
der 

Fibrous-granular 

masses 

Dumor- 

tierite 

135 
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Hardness 

Color 

Other Characteristics 

Mineral Pa^e 

7. 

Purple 

Transparent crystals 
or semi-transparent 
masses; no cleavage 

Quartz, 234 

Amethyst 

fT 

4. 

Pale blue 

Translucent (rarely 
transparent) masses; 
often botryoidal; com- 
pact texture 

Quartz, 236 

Chalcedony 

7. 

Apple-green 

Translucent to semi- 
translucent masses; 
compact 

Quartz, 237 

Chrysoprase 

7. 

Grayish-green 

Nearly opaque, with 
red spots 

Quartz, 238 

Bloodstone 

7. 

Various shades of 
green 

Opaque, massive ; rath- 
er compact 

Quartz, 239 

Jasper 

6.5 to 7.5 

Emerald-green or yel- 
lowish-g:reen 

Isometric crystals (fig- 
ures 35, 234-236) , or 
gem pebbles 

Garnet, 
Uvarovite, 228 
Demantoid 228 

7. to 7.5 

Various shades of 
green 

Transparent to semi- 
translucent crystals, 
usually 3-, 6-, or 9- 
sided prisms 

Tourma- 244 
line 

7. to 7.5 

Dark, blackish-blue 

Transparent to semi- 
translucent crystals, 
usually 3-, 6-, or 9- 
sided prisms 

Tourma- 244 

line, 

Indicolite 

7.5 

Green or blue of vari- 
ous shades 

Transparent, gem crys- 
tals or pebbles; ada- 
mantine luster; heavy, 
G. 4.7 

Zircon 212 

7.5 to 8. 

Emerald-green 

Transparent to semi- 
translucent, six-sided 
prisms or masses 

Beryl, 142 

Emerald 

7.5 to 8. 

Sea-green or blue 

Transparent to semi- 
translucent. six-sided 
prisms or masses 

Beryl, 142 

Aquamarine 

8. 

Colorless crystals tint- 
ed pale green or blue 

In orthorhombic prisms, 
figures 158-160 ; good 
basal cleavage 

Topaz 132 

8.5 

Deep grayish- to nearly 
emerald-green 

Crystals are repeated 
twins, figure 163; col- 

Chryso- 136 

beryl. 


umbine-red by arti- Alexandrite 
ricial light 
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Hardness 

Color 


other Characteristics 

Mineral 

Page 

9. 

Various shades 
green and blue 

of 

Transparent, hexagonal 
prisms or barrel- 
shaped crystals ; also 
rolled pebbles ; yield- 
ing fine gems 

Corundum, 

Sapphire 

131 

9. 

Various shades 
green and blue 

of 

Translucent to nearly 
opaque masses, show- 
ing parting 

Corundum, 

Sapphire 

131 

10. 

Various shades 
green and blue 

of 

Transparent, isometric 
crystals, yielding fine 
gems. Very rare 

Diamond 

156 





APPENDIX II 


GUIDE TO PRONUNCIATION OF MINERAL 
AND ROCK NAMES 

Much difference of opinion exists as to how certain mineral names 
should be pronounced. In preparing the following list of names used 
in this book, the pronunciations given almost invariably are taken 
from the Century Dictionary, the mineralogieal portion of which was 
written by Professor E. S. Dana. If some of the items are at variance 
with your ideas, as they have been with the author’s, if the reasons for 
the choice are weighed, it is probable that nearly all of them will 
prove acceptable. 


KEY TO PRONUNCIATION 


a 

as 

in 

fat 

a 

as 

in 

fate 

a 

as 

in 

far 

a 

as 

in 

fall 

a 

as 

in 

ask 

a 

as 

in 

fare 

e 

as 

in 

met 

e 

as 

in 

mete 

e 

as 

in 

her 

i 

as 

in 

it 

i 

as 

in 

pine 

0 

as 

in 

not 

0 

as 

in 

note 

0 

as 

in 

move 

6 

as 

in 

off 

u 

as 

in 

tub 

n 

as 

in 

mute 

li 

as 

in 

pull 

li 

German ii 

oi 

as 

in 

oil 

ou 

5 in pound 


A single dot under a vowel in an 
unaccented syllable indicates its ab- 


breviation and lightening, without 
absolute loss of its distinctive quality, 

a as in captain 
e as in episcopal 
q as in democrat 
ii as in singular 

A double dot under a vowel in an 
unaccented syllable indicates that, 
even in the mouths of the best speak- 
ers, its sound is variable to, and in 
ordinary utterance actually becomes, 
the short tt-sound (of but, pun, etc.). 


a as in errant 
e as in prudent 
p as in valor 
a as in Persia 
u as in feature 
t as in adventure 


' denotes primary, " a secondary ac- 
cent 

(A secondary accent is not marked if 
at its regular interval of two sylla- 
bles from the primary, or from an- 
other secondary.) 
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A 


Acadialite — a-ka'di-al-It 
Actinolite — ak-tin'g-llt 
Alabaster — al'a-bas-ter 
Albite — al'bit 

Alexandrite — al-eg-zan'drit 
Almandine — al’inan-din 
Almandite — al’man-dlt 
Alunite — al'a-nit 
Amblygonite — am-blig'g-nlt 
Amethyst — am'e-thist 
Amphibole — am'fi-bol 
Amphibolite — am-fib'o-llt 
Analcite — a-nal'sit 
Andalusite — an-da-lu'si t 
Andesine — an'de-zin 
Andesite — an'df-zit 
Andradite — an'dra-dlt 
Anglesite — ang'gle-sTt 
Anhydrite — an-hi'drlt 
Anorthite — an-6r'thit 


Baddeleyitc- — bad'li-it 

Barite — ba'rit 

Basalt — ba-salt' or bas'alt 

Bauxite — bo'zlt 

Bertrandite — ber'trand-Tt 

Beryl — ber'il 

Betafite — ba-taf'it 

Bindheimite — bind'hl-niit 

Biotite — bi'o-tit 

Blende — blend 


Anorthoclase — an-6r'tho-klaz 
Anorthosite — an-6r'tho-sit 
Anthracite— an'thra-sit 
Antimony — an'ti-mo-ni 
Apatite — ap'a-tit 
Aphrosiderite — af-ro-sid'e-rit 
Apophyllite — a-pof'i-llt 
Aragonite — ar'a-gp-nit 
Argentite — ar'jen-tit 
Arsenic — ar'se-nik 
Arsenopyrite — ar''se-n6-pi'rit 
Asbestos — as-bes'tps 
Asbestus — as-bes'tus 
Asphaltum — as-fal'tum 
Augite — a'jit 
Aurichalcite — a-ri-kal'sit 
Aventurine — a-ven'tu-rin 
Axinite — ak'si-nit 
Azurife — azh'u-rit 


Borax — b5-raks 
Bornite — bor'nit 
Bort — bort 
Bortz — bortz 
Bournonite — bbr'no-nit 
Breccia — brech'ia 
Bronzite — bron'zit 
Brookite — briik'It 
Brucite — brb'sit 
Bytownite — bi'toun-it 


c 

Cairngorm — cam'gorm Cancrinite — kang'kri-nit 

Calamine— kal'a-min Carnallite- — kar'nal-!t 

Calaverite — kal-a-ve'rit Carnelian — kar-ne'lyan 

Calcareous tufa — kal-ka're-us to'fa Carnotite — kar'no-tit 

v'alcite — kal'sit C assiterite — ka-sit'e-rit 

Calc-tufi:- -kalk-^b'fa Ceiestite — sel'es-tit 
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Cerargyrite — se-rar'ji-rit 
Cerussite — ser'o-Bit 
Cervantite — ser-van'tit 
Chabazite — kab'a-zit 
Chalcedony — kal-sed'o-ni 
Chalcocite — kal'ko-sit 
Chalcopyrite — kal-ko-pl'rlt or 

kop'i-rit 

Chalcotrichite — kal-kot'ri-kit 
Chert — chert 
Chiastolite — kl-as'tp-llt 
Chlorite — ^klo'rlt 
Chromite — kro'mit 
Chrysoberyl — ^kris'o-ber-il 
Chrysocolla — kris-o-kol'a 
Chrysolite — kris'Q-lIt 
Chrysoprase — kris'o-praz 


Dacite — da'sit 
Datolite — dat'g-llt 
Demantoid — de-man'toid 
Dendrite — den'drit 
Descloizite — da-cloi'zit 
Diabantite — di-a-ban't!t 
Diabase — di'a-bas 
Diatomaceous earth — di"a-to-Tna'shius 
erth 


Chrysotile— kris'g-til 
Cinnabar — sin'a-bar 
Citrine — sit'rin 
Clinochlore — kli'no-klor 
Cobaltite — ko'bal-tit 
Colemanite — kol'man-it 
kal- Collophanite — kol-lof'a-nit 

Conglomerate — ^kpn-glom 'e-rat 
Copalite— ko'pal-It 
Coquina — kp-ke'na 
Cortlandite — kort'land-it 
Corundum — ko-run'dum 
Crocidolite — kro-sid'o-lit 
Crocoite — kro'kp-it 
Cryolite — krl'p-lit 
Cuprite — ku'prit 
Cyanite — ki'a-nit 


Diatomite — di-at'p-mit 
Diopside — di-op'sid 
Dioptase — di-op'tas 
Diorite — di'p-rit 
Dolerite — dol'e-rit 
Dolomite — dol'p-mit 
Drusy quartz — dro'zi kwarts 
Dumortierite — du-mor'ter-it 
Dunite — dun'it 


Elaeolite — e-le'p-lit 
Plectrum — p-lek'trum 
Embolite — em'bp-lit 
Emerald — em'e-rald 


Enstatite — en'sta-tit 
Epidote — ep'i-dot 
Erythrite — e-rith'rit 
Essonite — es'p-nit 


F eldspar — f eld'spar 
Felsite — -fersit 
F erberite — f er’ber-it 
Ferruginous quartz — fer-ro’ji-nus 
kwarts 


Flos-ferri — flos-fer'i 
Fluorite — flo'p-rit 
F owlerite — f ou'ler-it 
F ranklinite — f rangk'lin-it 
Fuchsite — fdk’sit 


G 


Gabbro— gab'ro 
Gadolinite — gad'o-lin-It 


Galena — ga-le'na 
Garnierite — gar'nier-it 
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Geode — ^je'od 
Geyserite — gi'ser-it 
Gilsonite— gil'son-It 
Glanberite — gla'ber-it 
Glauconite — gla'ko-nit 
Gneiss— nis 


Halite — hal'it or ha'lit 
Heliotrope — he’li -Q-trop 
Hematite — hem'a-tit 
Hemimorphite — hem-i-mor’fit 
Heulandite — hu'lan-dit 
Hexagonite — hek-sag’g-nit 
Hiddenite — hid’n-Tt 


llmenite — il'men-it 
Indicolite — in-dik'g-IIt 
lodyrite — i-od'i-rit 


Kaolin — ka'g-lin 
Kaolinite — ka'g-lin-it 
Kauri gum — kou’ri gum 
Kernite — kern'It 


Goethite — ge'tit 
Graphite — graf'it 
Grossularite — gros'u-lar-it 
Gummite — gum'it 
Gypsum — jip'sum 


H 

Hornblende — hom'blend 
Hornblendite — hom'blend-It 
Huebnerite — hiib'ner-it 
Hyacinth — hi'a-sinth 
Hyalite — hi'a-llt 
Hydrolite — hi'dro-lit 
Hypersthene — hl'per-sthen 

I 

Iridosmine — ir-i-dos'min 
Iron pyrites — i'ern pi-ri'tei' 
Isinglass — i'zing-glas 

E 

Kimberlite — kim'ber-llt 
Kunzite — konts'it 
Kyanite — ki'a-nit 


L 

Labradorite — lab'ra-dor-it Leucite — lu'sit 

L&ngbanite — lang'ban-it Lignite — lig'nit 

Lapis lazuli — la'pis (or lap'is) laz'u-li Limonite — li'mo-nit 
Lazurite — laz'u-rlt Lodestone — lod'ston 

Lepidolite — lep'i-dg-llt 

M 

Menaccanite — me-nak'an-It 
Mesolite — mes'Q-lit 
Meteorite — me’te-pr-It 
Mica — mi'ka 

Micaceous hematite — mi'ka-shius hem 
9-tit 


Magnesite — mag'nf-sit 
Magnetite — mag'ne-tit 
Malachite — mal'a-kit 
Manganite — mang'ga-nit 
Marcasite — mar'ka-sit 
Melanite — mel'a-nit 
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Mica-schist — ^ml-ka shist 
Microcline — mrkro-klin 
Mimetite — mim'e-tit 
Mirabilite — ml-rab'i-lit 
Mispickel — mis'pik-el 


Molybdenite — mo-Iib'de-nlt or mol-ib- 
de'nit 

Mundic — mun'dik 
Muscovite — mus'kp-vlt 


N 

Naphtha — naf'tha or nap'tha Nephelite — nef'e-llt 

Natroiite — nat'rg-llt Niccolite — nik’p-lTt 

Nemalite — nem'a-llt 


0 

Obsidian — ob-sid'i-an 
Ocher — o'ker 

Octahedrite — ok-ta-he'drit 
Oligoclase — ol'i-go-klas 
Olivenite — ol'i-ve-nlt 
Olivine — ol'i-vin 
Onyx — on'iks 


Oolite — o'6-lit 

Oolitic hematite — 0-9-lit'ik hem'a-tit 

Opal — o'pal 

Orpiment — or'pi-ment 

Orthoclase — or'tho-klaz 

Ozocerite — o-zp-se'rit or 6-zp-ke'rit 


Paraffin — par'a-fin 
Patronite — pa-tr5'nlt 
Pectolite — pek'tg-lit 
Pegmatite — peg'nia-tlt 
Penninite — pen'i-nit 
Pentlandite — pent'land-it 
Peridot — per'i-dot 
Peridotite — per'i-dg-tit 
Peristerite — pe-ris'te-rit 
Petroleum — pe-tro'le-um 
Phenacite — fen'a-slt 
Phlogopite— flog'g-pit 
Phonolite — fo’ng-lit 
Phosphate — fos'fat 
Phosphorite — fos'fg-rit 
Picrolite — pik'rg-iit 
Pisolite — pT’sg-lIt 
Pitchblende — pick 'blend 
Pitchstone — pich’ston 
Plagioclase — pla'ji-g-kla* 


Platinum — plat'i-num 
Polyadelphite — pol"i-a-derfIt 
Polybasite — pg-lib'a-sit 
Porphyry — por'fi-ri 
Prehnite — pren'It 
Prochlorite — prg-klo'rit 
Proustite — pros'tit 
Psilomelane — sl-Iom'e-lan 
Pumice — pum'is 
Pyrargyrite — pi-rar'ji-rit 
Pyrite — pi'rit 
Pyrites — pi-rl'tez 
Pyrolusite — pi-rg-lu's!t 
Pyromorphite — pl-rg-mor'fit 
Pyrope — pi'rop 
Pyrophyllite — pl-rg-fil'It 
Pyroxene — pl'rok-sdn 
Pyroxenite — pl-rok'sen-it 
Pyrrhotite — pir'g-tit 


Q 


Quartz — kwarts 


Quartzite — kwart'sTt 
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R 

Realgar — re-al'gar Rosolite — roz'o-lit 

Rhodochrosite — ro-do-kro'slt Rouge — rozh 

Rhodonite — ro'do-nit Rubellite — ro'bel-it 

Rhyolite — ^ri'o-lit Rutilated quartz — ro'ti-lat-ed kwarts 

Roscoelite — ros'ko-llt Rutile — ro'til 


Sagenitic quartz — saj-e-nit'ik kwarts 

Sapphire — saf'ir 

Sassolite — sas'g-lit 

Scheelite — she'lit 

Scolecite — skol'e-slt 

Selenite — sel'e-nit 

Senarmontite — se-nar'mpnt-It 

Serpentine — ser'pen-tin 

Siderite — sid'e-rit 

Siliceous sinter — si-lish'us sin'ter 

Sillimanite — sil'i-man-it 

Smaltite — smal'tit 

Smithsonite — smith'spn-it 

Sodalite — so'da-lit 

Soda niter — so'da ni'ter 

Spathic iron — spath'ik i'ern 

Sperrylite — sper'i-lit 

Spessartite — spes'ar-tit 


Talc — talk 

Tetrahedrite — tet-ra-he'drit 
Thenardite — the-nar'dit 
Thomsonite — tom’spn-it 
Tincalconite — ting-kal-ko'nit 
Titanite — ti'tan-It 
Topaz — to'paz 
Topazolite — tp-paz'o-llt 


LTintahite — u-in'ta-hit 
Ulexite— u'lek-sit 
Unakite — u-na'kit 


Valentinite — val'en-tin-it 
Vanadinite — van-ad'in-it 


s 

Sphalerite — sfal'e-rit 
Spherosiderite — sfe-ro-sid'e-rlt 
Spinel — spi-nel' 

Spodumene — spod'u-men 
Stalactite — sta-lak'tit 
Stalagmite — sta-lag’mit 
Stannite — stan'It 
Staurolite — sta'ro-lit 
Steatite — ste'a-tlt 
Stephanite — stef'an-it 
Stibnite — stib’nit 
Stilbite — stiTbit 
Strontianite — stron'shi-an-it 
Sulphur — sul'fer 
Syenite — si'e-nit 
Sylvanite — sil'van-it 
Sylvite — sil'vit 

T 

Tourmaline — tor'ma-lin 
Trachyte — trak'it 
Travertine — trav'er-tin 
Tremolite — trern'o-llt 
Trona — tro'na 
Troostite — trbs’tit 
Turquois — ter'koiz or ter-koiz 

u 

U raninite — u-ran'i-nit 
U ranophane — u-ran'o-f an 
I'varovite — 6-var'g-vTt 

V 

Verd-antique — verd-an-tek' 
Viluite — \’i!'6-It 



Wernerite — wer'ner- 
Willemite — wil'em-I 
W itherite — with'er-1 


Zeolite — ze'g-lit 
Zincite — zingr'kit 
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W 


it Wolframite — wurfram-it 

; Wulfenite — wul'fen-it 

t Wurtzilite — wert'zil-Tt 


z 


Zircon — zer'kpn 
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A 


Abrasives, 33, 34, 132. 
Acadialite, 247. 

Acicular crystals, 59. 

.A.ctinolite, 216, 235. 

Adamantine luster, 107, 157. 
Adamantine spar, 131, 107. 
Adularia, 222. 

-Xgate, 237, 89, 96. 
landscape, 237. 
moss, 237, 100, 101. 
tree, 237, 100. 

Alabaster, 154. 

Albite, 223, 75, 85. 

Cleavelandite, 223. 

Moonstone, 223. 
twinning, 223. 

Alexandrite, 136. 

Almandine, Almandite, 227, 226. 
Almond-shaped structure, 92. 
•Alteration of minerals, 32. 
.Aluminum. 130, 107. 

•Aluminum Minex'als, 130-136. 
•Andalusite, 134. 

Bauxite, 131. 

Chrysoberyl, 135. 136. 
Corundum, 131, 132. 
Dumortierite, 134, 135. 
Kaolinite, 133. 

Kyanite, 134. 

Pyrophyllite, 136. 

Sillimanite, 134. 

Spinel, 135. 

Topaz, 132, 133. 

Turquois, 136. 

Alunite. 195, 194. 

Amazonstone, 222. 

Amber, 163, 108, 118. 

“Amber mica,” 230, 
Amblygonite, 186. 


American Mineralogist, 14. 

Amethyst, 234, 70, 87, 96. 
Amphibole, 213-217, 80, 264. 
Actinolite, 216. 

Asbestus, 216, 

Hornblende, 216, 217. 

Nephrite, 216. 

Tremolite, 215, 216. 
Amphibole-Pyroxene Group, 213-219. 
•Amphibolite, 264. 

•Amygdaloidal basalt, 258. 

structure, 92, 258. 

-Analcite, 248, 44, 246, 249. 
•Andalusite, 134. 

Chiastolite, 134. 

Andesine, 222. 

•Andesite, 258. 

Andradite, 228, 226. 

Demantoid, 228. 

Melanite, 228. 

Polyadelphite. 228. 

Topazolite, 228. 

•Angles between crystal faces, 41. 
•Anglesite, 185, 186, 50, 72, 201. 
-Anhydrite, 1.5 1, 201. 

•Anorthite, 223. 

-Anorthoclase (Moonstone), 224. 
-Anorthosite, 256. 

-Anthracite, 165. 115. 

-Antimony, 137, 138. 

Minerals, 137, 138. 

-Apatite, 132, 28, 53, 106. 206. 
•Aphrosiderite, 232, 227. 

-Apophyllite, 250, 47, 80. 108, 246. 
•Aquamarine, 142, 143, 33. 

•Aragonite, 150, 50, 91, 92. 
Arborescent grouping, 70, 101. 
-Arenaceous limestone, 261. 

Argentite. 196. 
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Argillaceous hematite, 180. 

limestone, 261. 

Argon bulb, 17, 113, 114. 
Arsenates, 28, 139. 

Arsenic, 138, 139. 
Arsenopyrite, 139, 175. 
“Asbestos,” 242. 108, 216. 
blue, 87, 108. 
chrysotile, 242, 108, 216. 
Asbestus, 216, 87, 116, 242. 
Asphaltum, 164. 

■Asterism, 111, 112. 


Baddeleyite, 212. 

Bag, Collecting, 8. 

Barite, 139, 28, 49, 50, 72, 124, 199, 
201, 208. 

Barium Minerals, 139. 

Barite, 139, 140. 

Witherite. 141. 

Basal cleavage, 80, 108, 132, 229. 
Basalt, 257, 258, 91, 263. 
amygdaloidal, 258. 
porphyry, 258. 

Base of crystals, 42, 47. 

Bauxite, 131, 92, 199. 

Benzene, 164. 

Bertrandite, 144. 

Beryl, 142, 143, 33, 53, 153, 167. 
Beryllium Minerals, 142-144. 
Bertrandite, 144. 

Beryl, 142, 143, 33, 53. 

Chrysoberyl, 135, 136. 

Gadolinite, 144. 

Phenacite, 144. 

Betafite, crystal form of, 44. 

Bigrigg mine calcite, 56. 

Bindheimite, 138. 

Biotite, 230, 105, 256, 203, 264. 
gneiss, 263. 
granite, 256, 263. 

“Bird’s-nest calcite,” 92. 93. 
Bituminous coal, 166. 

“Black lead,” 162. 


Atoms, 20-22, 40, 76, 123, 151. 
disintegration of, 21. 
nucleous of, 21. 
size of, 21. 
structure of, 21. 

Atmosphere, gaseous elements in, 24. 
Augite, 218, 51, 256. 

Aurichalcite, 150. 

Aventurine quartz, 236. 

Axes of crystals, 41. 

Axinite, 52. 

Azurite, 171, 172, 52. 104. 


“Black light,” 113-117. 

“Black mica,” 230. 

“Black sands,” 167, 182. 

Bladed structure, 87. 

Blende, 208. 

Bloodstone, 238. 

“Blue asbestos,” 87, 108. 

“Blue ground,” 160. 

“Blue quartz,” 72. 

Blue vitriol, crystals of, 40. 

Bog iron ore, 182. 

Bookshelves, 11. 

Borates, 144-146. 

Borax, 144, 52, 199. 

Bomite, 170. 

Boron Minerals, 144, 145. 

Sassolite, 144. 

The Borates, 144. 

Borax, 144, 145. 

Colemanite, 145. 

Kemite, 145, 146. 

Ulexite, 145. 

Bort. bortz, 33, 161. 

Boston Society of Natural History, 
142. 

Botryoidal form, 90. 

Boumonite, 138. 

Break, how minerals, 76-82. 

Breccia, 260, 262. 

British Museum, 110. 

Brittleness. 37. 
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“Brittle silver,” 197. 
Bronzite, 218. 

Brookite, 204. 

“Brown coal,” 166. 
“Brown hematite,” 181. 
“Brown spar,” 183. 


Cabinet of drawers, 10. 

“Cairngorm stone,” 234. 

Calamine, 209, 210. 

Calaverite, 175. 

Calcareous tufa, 150, 261. 

Calcite, 146-150, 27, 40, 64, 64, 68- 
70, 72, 78, 79, 110, 124, 168, 
260, 265. 

Calc-tufa, 150, 261. 

Chalk, 150. 

Coquina, 148. 

Iceland spar, 146, 110, 111. 
Limestone, 147-150. 

Marble, 149. 

Oolite, 150. 

Stalactite, 149, 96. 

Stalagmite, 149, 96. 

Travertine, 149. 

Calcium feldspar, 220. 

Calcium Minerals, 146-155. 
Anhydrite, 154, 155. 

Apatite, 152, 153. 

Aragonite, 150. 

Calcite, 146-150. 

Collophanite, 153. 

Dolomite, 155. 

Fluorite, 151, 152. 

Gypsum, 153—154. 

Calc-tufa, 150, 261. 

Cancrinite, 225, 199. 

Cannel coal, 166. 

Capillary crystals, 59, 60. 

Carbon arc, 114. 

Carbonates, 27, 156. 

Carbon atoms, 21, 27. 
dioxide, 27. 

Carbon, element, 155-162. 


Brucite, 188. 

Bubbles in crystals, 64. 
Bulb, argon, 17, 113, 114. 
Buying minerals, 16-19. 
Bytownite, 222. 


C 

Carbon Minerals, 155-162. 

Diamond, 156-162. 

Graphite, 162. 

Hydrocarbons, 163, 164. 

“Carbon,” variety of diamond, 157. 
Carborundum, 33, 132. 

Carnallite, 195. 

Carnelian, 236. 

Carnotite, 206. 

Cassiterite, 201, 202, 48, 108, 206. 
Cat’s-eye, 116. 

Cavernous crystals, 64-66. 

Caves, 68, 92, 97. 

Cavities in crystals, 64. 

Celestite, 199, 50, 201. 

Cerargyrite, 197. 

“Ceresine,” 163. 

Cerussite, 185, 60, 71, 72, 108. 
Cervantite, 138. 

Chabazite, 247, 246. 

Chalcedony, 236, 90, 95, 101, 103. 
Chalcocite, 170, 171, 50, 198, 201. 
Chalcopyrite, 169, 170, 47, 201, 208. 
Chalcotrichite, 171, 59, 60, 101. 
Chalk, 150, 84, 179, 261. 

Change of colors, 116, 117. 
Chatoyancy, 116, 117. 

Chemical change. 20. 
compound, 25. 
formulas, 28, 29. 

Chemistry, 20-29, 4. 

Chert, 238, 261. 

Cherty limestone, 261. 

Chiastolite, 134. 

“Chile saltpeter,” 189. 

China closet, 11. 

Chisel, cold, 9. 
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Chlorine and sodium, union of, 24, 25. 
Chlorite, 232, 235, 241, 264, 265. 
Chlorite Group, 232. 

.4phrosiderite, 232. 

Clinochlore, 232. 

Diabantite, 232. 

Penninite, 232. 

Prochlorite, 232, 233. 
Chlorite-schist, 264. 

Chromite, 166, 167, 43, 118, 194, 228, 
231. 

Chromium Minerals, 166, 167. 
Chromite, 166, 167. 

Crocoite, 167. 

Chrysoberyl, 135, 136, 33, 50, 143. 
Chrysocolla, 173, 72. 

Chrysolite, olivine, 231, 167, 187, 227, 
241, 256, 257. 

Chrysoprase, 237. 

Chrysotile, “asbestos,” 242, 108. 
Cinnabar, 191, 106, 171, 197. 
Cinnamon-stone (essonite), 226. 
Citrine, 234. 

Clay, 133, 3, 162, 220, 260, 261. 
Cleavage, 76-80, 16, 214, 229. 

and fracture, 16. 

“Cleavage crystals,” 77. 

Clinochlore, 232. 

Clubs, Mineral, 13. 

Cobalt Minerals, 168. 

Cobaltite, 168. 

Smaltite, 168. 

Colemanite, 145. 

Collecting bag, 8. 

minerals, 6-14. 

Collection, show, 15, 19. 

working, 15, 19. 

Collections of minerals, 7. 
Collophanite, 153, 28. 

Color, 104, 105, 108. 

Colors, 17, 115. 
change of. 116. 
essential, 106, 17. 
play of, 116, 117, 135, 240, 241. 
Columnar structure, 85, 86, 244. 


Common feldspar, 221, 222. 
opal, 241. 
serpentine, 242. 

Compact structure, 84. 

Composition of minerals, 20-29. 
Compounds, 20. 

Concentric structure, 88. 

Conchoidal fracture, 81, 82. 
Concretion, 93, 261. 

Concretionary structure, 93. 
Conductors of electricity, 118, 162 
168, 195. 

Conglomerate, 260, 262, 263. 

breccia, 262. 

Copalite, 163, 108, 118. 

Copper. 168, 173, 71. 82, 107, 116, 196. 
arsenates, 28, 139, 173. 
glance, 170. 
nitrates, 173. 
phosphates, 173. 
pyrites, 169, 170. 
sulphates, 173. 
vanadates, 173. 

Copper Minerals, 168-173, 

.\zurite, 171, 172. 

Bornite, 170. 

Chalcocite, 170. 171. 

Chalcopyrite, 169, 170. 

Chrj'socolla, 173. 

Copper, 168. 

Cuprite, 171. 

Dioptase, 173. 

Malachite, 171, 172. 

Tetrahedrite, 171. 

Coquina, 148. 

Coralloidal form, 92, 91. 

Cortlandite, 257. 

Corundum, 131, 33, 104, 107, 123. 124. 
Emery, 131, 33, 105. 

Ruby, 131, 104. 

Sapphire, 131, 104. 

Star, 112, 132. 

Crocidolite, 87, 108. 

Crocoite, 167, 59, 66. 

“Cross stone,” 243. 

Crust of the Earth, 255. 
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Cryolite, 198, 130. 

Crystal, definition of, 40. 

Crystalline minerals, 84. 
structure, 84. 

Crystals, 39-75, 3. 
models of, 40, 42, 43, 53, 54. 
structure of, 40. 
systems, 41-58. 
occurrence of, 68-76. 

D 

Dacite, 258. 

Datolite, 250, 251, 246. 

Dealers in minerals, 19. 

Demantoid, 228. 

Dendrites, 99, 101, 189. 

Density of minerals, 123. 

Descloizite, 207. 

“Desert roses,” 72. 

Diabantite, 232. 

Diabase, 256, 91. 

Diamond, 156-162, 3, 33, 43, 63, 72. 
73, 107, 110, 129, 135, 227, 231, 
257. 

bort, bortz, 33, 161. 
carbon, carbonado, 157, 33, 161. 
cleavage of, 76, 157. 
crystals, 157, 39, 43, 63, 72. 
gems, 158, 159, 155. 
historic gems, 159. 
play of colors, 158, 116. 
uses of, 161. 

Diatomaceous earth, 241. 

Diatomite, 241. 

Dichroism, 104, 244. 

E 

Earthy minerals, 108. 

Elaeolite. 108. 

Elasticity, 37, 229. 

Electric furnace, 33. 

Electrical phenomena. 118-122. 163, 
244. 

Electricity 20, 21, 118, 163, 244. 


Cube, 42-45, 39. 

Cubical cleavage, 77. 
Cubo-octahedron, 45. 

Cullinan diamond, 139, 156. 

Sir Thomas, 156. 

Cuprite, 171, 43, 44, 59, 106, 197. 
Curie, Dr. and Madam, 21. 

Curved crystals, 62, 63, 188. 231. 
Cyanite — see Kyanite, 134. 52, 87. 


Diopside, 217, 218. 

Dioptase, 173. 

Diorite, 256. 

porphyry, 258. 

Dispersion of light, 110. 

Distorted crystals, 59-63. 
Dodecahedral cleavage, 76-79. 
Dodecahedron, 43—45, 76. 

Dog-tooth spar, 56. 

Dolerite, 257, 264. 

Dolomite, 187, 188, 48, 62, 140, 146, 
155, 242, 261. 
marble, 265, 

Dolomitie limestone, 261. 

Double refraction, 110, 111, 146, 
Drawers, cabinet of, 10. 

Drusy grouping, 72, 
quartz, 72. 

Ductility, 36. 

Dull minerals, 108. 

Dumortierite, 134, 135. 

Dumps, 11. 

Dunite, 257. 


Electro-magnet, 119. 
Electro-magnetic separator, 119 
Electrons, 21-26, IIS, 151. 
in metals and non-metals, 25. 
rings of, 21. 

Electron theory, 21-26. 
Electrum, variety of gold, 175. 
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“Electrum” (amber), 163. 
Elements, 22-28, 255. 
list of, 22. 

Elongated crystals, 59. 
Emanations from radium, 21. 
Embolite, 197. 

Emerald, 142, 33. 

‘■Emerald, Uralian,” 228. 
Emery, 131, 33, 105. 
Enstatite, 218. 

Epidote, 219, 220, 52. 

Unakite, 219. 


Faces of crystals, 39. 

“Fairy stones,” 243. 

“False topaz,” 234. 

Feel, greasy, 31. 

Feldspar, 220-224, 12, 72, 75, 79, 80, 
182, 186, 194, 199, 246, 256, 258, 
260, 264. 

Feldspar Group, 220-224, 255. 

(a) Common feldspar, 220. 

Microcline, 220, 221, 222. 
Orthoclase, 220, 221, 222. 

(b) Plagioclase feldspar, 222-224. 

Albite, 223, 220, 222. 
Andesine, 222. 

Anorthite, 223, 222. 
Bytownite, 222. 

Labradorite, 223, 224. 
Oligoclase, 224. 

Feldspar-like minerals, or feldspath- 
oids, 224, 225, 246. 

Cancrinite, 225. 

Lazurite (Lapis-Lazuli), 225. 
Leucite, 225. 

Xephelite, 224. 

Sodalite, 224, 225. 

Felsite, 257, 258, 260, 263. 

porphyry, 258. 

Ferberite, 205. 

Ferruginous quartz, 235. 

Fibrous structure, 86, 87, 108. 

Field Equipment, 7. 


Equipment, Field, 7. 

Erythrite, 139. 

Essential colors, 106. 

Essonite (Cinnamon-stone), 226. 
Etching, 83. 

Excavations, 11. 

Exchanging minerals, 7. 
Excursions, collecting, 13. 
Exhibition of minerals, 13. 
External colors, 104, 106. 


File, 106. 

Fine specimens, buying, 18. 

Fire opal, 241. 

Flattened crystals, 60-62. 

Flexibility, 37. 

Flint, 238, 3, 82, 103, 108. 

Flooring tiles, 17. 

Flos-ferri, 150. 

‘•Flowers of mineral kingdom,” 39. 
Fluorescence, 113-115, 132, 161, 208, 
212 . 

Fluorescent lamps, 17, 114, 115. 
.A.rgon bulb, 17, 113, 114. 

Carbon arc, 114. 

Iron spark-gap, 114. 
Mercury-vapor, 114. 

“Nico” lamp, 114. 

Fluorides, 25, 151. 

Fluorine, compounds of, 25, 151. 
Fluorite, 151, 25, 42, 44, 65, 70. 74, 
77, 78, 206, 208. 

Foliated structure, 85, 108. 

“Fool’s gold” — see chalcopyrite and 
pyrite, 169. 

Form, Structure and, 79-89, 17. 
Formulas, Chemical, 28, 29, 7. 
Fossiliferous hematite, 180. 
Fossiliferous limestone, 261. 

Fossil resins, 108, 163. 

Fowlerite, 191. 

Fract'ure, 81, 82, 16. 
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Franklinite, 210, 211, 118. Frictional electricity, 119, 163, 200, 

“Franklin ore,” 211. 244. 

Freak crystals, 59-67. Fuchsite, 167. 

Friable structure, 84, 85. Fusibility, 138. 


G 

Gabbro, 256, 219, 264. 

Gadolinite, 144. 

Galena, 184, 185, 42, 45, 106, 123, 137, 
178, 185, 198, 201, 208. 

Garnet, 225, 226, 167. 

Forms of, 44, 45. 

Mines of, 34. 

Paper, 34. 

Uses of, 34. 

Garnet Group, 225-228. 

Almandite, 227. 

Andradite, 228. 

Grossularite, 226. 

Pyrope, 227. 

Spessartite, 228. 

Uvarovite, 228. 

Garnierite, 193. 

Gaseous elements in atmosphere, 24. 
Gases, 20. 

Gem minerals, 27. 

Gems, hardness important in, 33. 
Geodes, 94, 95, 96. 

Geyserite, 241, 

Giant's Causeway, Ireland. 85. 
Gilsonite, 165. 

Glaciers, 30. 

Glassy rocks, 258, 259. 

Glauberite, 199. 

Glauconite, 261. 

Globular form, 94. 

structure, 87. 

Gneiss, 263. 

Goethite, 182. 

Golconda diamond mines, 160. 


Gold, 173-175, 39, 71, 103, 169, 178, 
194, 235. 
leaf, 35, 103. 
mining, 174, 175. 
ores, 139, 175, 178, 179, 235. 
Golden beryl, 142, 143, 33. 

Granite, 256, 11, 12, 263. 

porph 3 rry, 258. 

Granular structui'e, 76, 84. 

Grape-like form, 90. 

Graphite, 162, 3, 86, 192, 265. 
Gravity, 123. 

Specific, 124. 

“Gray copper,” 171. 

Greasy feel, 31. 
luster, 108. 

Great Mogul diamond, 159. 
Greensand marl, 261. 

Greenstone, 264. 

“Green stone,” 216. 

Grindstones, 34. 

Grossularite, 226. 

Essonite (cinnamon-stone), 226. 
Rosolite, 226. 

“South .African Jade” 226. 

Viluite, 226. 

Grouping of crystals. 68-75. 

Gummite, 206. 

Gypsum, 153, 28. 31. 42, 62, 146, 19S, 
199, 201. 

-Alabaster, 154. 

Rock-gypsum, 154. 

Satin-spar. 154. 

Selenite, 154, 31. 36, 51. 63. 68, 80, 


H 

Hackly fracture, 82. Haloids, 25. 

Halite, 198, 25, 42, 64, 76, 77, 102, 195, Hammer, 7, 106 
198. Handbags, 8. 
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Hardness, 30-35. Hornblendite, 257. 

Scale of, 31, 15. “Horn-silv'er," 197. 

“Heavy spar,” 139. Homstone, 238. 

Heliotrope, 238. Huebnerite, 205, 204. 

Helium, 21, 26. Hyacinth, 213. 

Hematite, 179, 180, 181, 56, 72, 88, Hyalite 241 94 

103, 106, 115, 118, 178, 224, 260. Hvdroclrbons. 163-166. 


brown, 181. 

Hemimorphite, 209. 

Heulandite, 246,- 247, 108. 

Hexagonal crystals, 53-58. 
Hexagonite, 215. 

Hiddenite, 186. 

Historic diamond gems, 159. 

Hope diamond, 159. 

Hopper-shaped crystal, 65. 
Hornblende, 216, 217, 51, 256-258, 
264. 

-gneiss, 263. 

-granite, 256, 263. 

-schist, 264. 


Ice, 176, 3, 40, 83, 84. 

Iceland spar, 146, 110, 111. 
“Ice-stone,” 198, 130. 

Igneous Rocks, 255-259. 
Ilmenite, 203, 118. 

Index of refraction, 109, 110. 
Indiana limestone, 93. 
Indicolite, 244. 

Infra-red rays, 113. 

Infusorial earth, 241. 
lodyrite, 197. 

Iridescence, 115. 

Iridosmine, 194. 

Iron, 176. 

Iron Minerals, 176-183. 


Jade, 216, 250. 

“Jade, South African,” 226. 
Jasper, 239, 82, 103, 108. 
ribbon, 239. 


Amber, 163. 

Asphaltum, 164, 165. 

Copalite, 163. 

Mineral coal, 165, 166. 

Ozocerite, 163. 

Petroleum, 163, 164. 

Uintahite (gilsonite), 165. 
Wurtzilite, 165. 

Hydrogen, 175, 26, 163-166. 
Hydrolite, 95. 

“Hydrous feldspars,” see Zeolites, 
246. 

Hypersthene, 218, 219. 

I 

Iron Minerals — confd. 

Goethite, 182. 

Hematite, 179-181. 

Limonite, 181, 182. 

Magnetite, 182, 183. 

Marcasite, 178, 179. 

Native, 177. 

Pyrite, 178. 

Pyrrhotite, 179. 

Siderite, 183. 

Iron pyrites — see Pyrite, 178. 

“Iron rose,” 72, 180. 

Iron spark-gap lamp, 114. 
“Isinglass,” 229. 

Isometric crystals, 42-45, 76. 


Jefferis, W. W., collection, 64. 
Jet, 166. 

Jubilee diamond. 159. 
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K 


Kaolinite, 133, 220, 260. 
“Kauri gum,” 163. 
Kernite, 145, 199. 
“Kidney ore,” 180, 88. 
Kimberlite, 237, 160. 


Labeling, 9. 

Labradorite, 223, 224, 116, 256, 258 
259. 

porphyry, 258. 259. 

“Labrador spar,” 223. 

Lamellar structure, 83. 

Laminated structure, 85. 

Landscape agate, 237. 

Langbanite, 107. 

Laue, revelation of crystal structure 
40. 

Lava, 257. 

Lazurite (Lapis Lazuli), 225, 199. 
Lead, 183, 107, 123. 

Lead Minerals, 183-186. 

Anglesite, 185, 186. 

Cerussite, 185. 

Galena, 184, 185. 

Lead vanadates, 28. 

Lens, pocket, 9. 

Lepidolite, 230, 231, 244. 

Leucite, 225, 44, 194. 

“Light, Black,” 113-113. 


Magazines, Mineral, 13, 14. 
Magnesite, 187. 

Magnesium Minerals, 187, 188. 
Amphibole, 213—217. 

Brucite, 188. 

Chrysolite, 231. 

Dolomite, 187, 188. 
Magnesite, 187. 

Pyroxene, 217, 218. 
Serpentine, 242. 

Talc, 242, 243. 


Knapsack, 8. 

Kohinoor diamond, 169. 
Kunzite, 187. 

Kyanite, 134, 52, 87. 


L 

Light, contacts with minerals, 102- 

112 . 

dispersion of, 110. 
double refraction of, 110, 111. 
polarization of. 111. 
refraction of, 109, 110. 

Lignite, 166. 

Limestone, 147-150, 260-262, 27, 92- 
94, 97, 188, 263, 265. 
conglomerate, 262. 

Limonite, 181, 182, 91, 97, 98, 99, 106, 
118, 178, 182, 260. 
pseudomorphs, 98, 99, 178, 182. 
Liquids, 20, 124, 191. 

in crystals, 64. 

“Lithia mica,” 230, 231, 244. 

Lithium Minerals, 186, 187. 
Amblygonite, 186. 

Lepidolite, 230, 231, 244. 
Spodumene, 186. 

Lithographic limestone, 84. 

Lodestone, 182, 119, 120, 121. 

Luster, 107, 108, 17. 


Magnetic phenomena, 118-122. 

iron ore, 182, 183. 

“Magnetic pyrites,” 119. 

Magnetism, 118-122. 

Magnetite, 182, 183, 43, 73, 100, 101, 
118-122, 131, 256. 

Lodestone, 118-122, 182. 
Titaniferous, 203, 204. 

Magnets, 118. 

Magnifier, pocket, 9. 

Malachite, 171, 172, 52, 88, 89, 106. 
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Malleability, 35, 36. 

Manganite, 106. 

Manganese Minerals, 189, 190. 
Franklinite, 210, 211. 

Psilomelane, 189, 190. 

Pyrolusite, 189. 

Rhodochrosite, 190. 

Rhodonite, 190, 191. 

“Manganese spar,” 190. 

Marble, 149, 11, 83, 84, 188, 263, 265. 

Serpentine, 242, 265. 

Marcasite, 178, 179, 97. 

Marl, 261. 

Matter, 20, 21. 

Melanite, 228. 

Menaccanite, 203. 

Mercury, 191. 

Mercury Minerals, 191. 

Cinnabar, 191. 

Mercury, 191. 

Mercury- vapor lamp, 114, 115. 
Mesolite, 249, 246. 

Metallic luster, 107. 
minerals, 105, 106, 107, 124. 

-pearly luster, 108. 

Metals, 25, 26, 35, 36, 118, 123, 124. 
Metamorphic rocks, 262-265. 
Meteorite, Canyon Diablo, 33. 
Meteorites, 177, 33, 231. 

“Mexican onyx,” 238, 261. 

Mica, 228-231, 100, 118, 182, 235, 256, 
257, 260, 264, 265. 
cleavage of, 79, 80, 86, 229. 
component of granite, 12. 
elasticity of, 37, 229. 

Mica Group, 228-231. 

Biotite, 230. 

Lepidolite, 230, 231. 

Muscovite, 229. 

Phlogopite, 230, 228, 

Micaceous cleavage, 79, 80, 229. 
hematite, 179. 
micaceous structure, 86. 

Mica-schist, 264, 265. 


Microcline, 221, 222, 75, 265. 

Amazonstone, 222. 

Microscope, minerals for, 28. 
Milk-opal, 241. 

Milky quartz, 234, 236, 256. 
Mimetite, 139. 

Mimics, mineral, 88-101. 

Mineral Coal, 165. 

Anthracite, 165, 166. 

Bituminous, 166. 

Cannel, 166. 

Jet, 166. 

Lignite, 166. 

Mineral collecting, 7-14. 
collectors, 4, 5. 
clubs, 13. 
definition of, 29. 
magazines, 13. 
mimics, 88-101. 

Mineralogical societies, 13. 

Minerals, buying, 15-19. 
collections of, 6, 7. 
composition of, 20-29. 
cultural value of, 4. 
dealers in, 19. 
exchanging, 7. 
exhibition of, 13. 
of value, 4. 
papers on, 13. 
physical properties of, 6. 
prices of, 18, 19. 
study of, 3. 
where to find, 11, 12. 
why buy and which ones, 15. 
Mines, 4, 11. 

Mirabilite, 199. 

Mispickel, 139. 

Models of crystals, 40, 42, 43, 53, 54. 
Moissanite, 33. 

Molecule, 25. 

Molybdenite, 192. 

Molybdenum Minerals, 192. 
Molybdenite, 192, 162. 

Wulfenite, 192, 39, 48, 66. 
Monoclinic crystals, 50-52. 
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Moonstone, 224. 
Morganite, 142, 143, 33. 
Moss-agate, 237, 101. 
“Mundic,” 178, 179. 


Muscovite, 229, 52, 105, 167. 194, 256. 
264. 

-granite, 256. 

Museums, 6, 7, 110, 209. 


N 


Naphtha, 164. 
Naphthalene, 164. 
“Negative crystals,” 65. 
Natrolite, 248, 246. 
Nemalite, 188. 

“Needle zeolite,” 248. 
Nephelite, 224, 199, 256. 

-syenite, 256. 

Nephrite, 216. 

Niccolite, 193, 179. 
Nickel Minerals, 193. 
Garnierite, 193. 
Niccolite, 193, 179. 


Nickel Minerals— cont’d. 

Pentlandite, 193, 179. 

Pyrrhotite, 179, 193. 

“Nico” lamp, 114. 

Noble opal, 240. 

Non-conductors of electricity, 118, 
162, 200. 

Non-metallic minerals, 105. 107, 118. 
Non-metals, electrons in, 24, 26. 
Norite, 219. 

Note book, 9. 

Numbering specimens, 9. 

Nucleus of atom, 21-25. 


0 


Obsidian, 258, 259, 81. 
Ocher, red, 180. 
yellow, 182. 

Octahedral cleavage, 77. 

twin, 73. 

Octahedrite, 204. 
Octahedron, 42, 43, 76. 

“Oil” (Petroleum), 163. 
Oligoclase, 224, 74. 
Moonstone, 224. 

Sunstone, 224. 

Olivenite, 139. 

Olivine, 231, 227, 256, 257. 
Onyx, 238. 

“Mexican,” 261. 238. 
sard-, 236. 

Oolite, 150, 93, 261. 

Oolitic hematite, 180. 
limestone, 150, 93, 261. 
limonite, 181, 182. 
phosphate, 152. 
sand, 94. 


Opal, 240, 241, 117. 
common, 241. 

diatomaceous earth, diatomite, 241. 
fire, 241. 
geyserite, 241. 
hyalite, 241, 94. 
infusorial earth, 241. 
milk-opal, 241. 
opal-agate, 241. 
precious, 240. 
semi-, 241. 
siliceous sinter, 241. 
wood-opal, 241, 99, 101. 
Opalescence, 117. 

Opalized wood, 99, 101. 

Opaque minerals, 103. 

Orloff diamond, 159. 

Orpiment, 138. 

Orthoclase, 221, 222, 51. 

Adularia, 222. 

Sanidine, 221. 

Orthorhombic crystals, 48-50. 
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‘“Oscillatory combination,” 66. 67. Oxygen, 26. 

Oxides, 26, 27. Ozocerite, 163. 


P 


Paleontology, 261. 

Papers on minerals, 13. 

ParafSn, 164. 

Parallel grouping, 70. 

Parting, 131, 214. 

Pasteboard trays, 10. 

Patronite, 207. 

Pearly luster, 108. 

metallic-, luster, 107. 

“Pea-stone,” 92. 

Peat, 165. 

“Pebble phosphate,” 153. 

Pectolite, 249, 250, 87. 

Pegmatite, 256, 12. 

Pencil ore, 180. 

Penetration twin, 74. 

Penninite, 232. 

Pentagonal dodecahedron, 45. 
Pentlandite, 193, 179. 

Percussion figures, 229. 

Peridot, 231, 227. 

Peridotite, 257, 264. 

Peristerite, 223. 

“Petrified forests,” 98, 99, 100. 
Petrified wood, 98, 99. 

Petrographic microscope. 111. 
Petroleum, 163, 164, 124. 198. 
Phantom quartz, 232. 

Phenacite, 144. 

Phenocrysts, 258. 

Phlogopite, 230, 52, r05. 111, 112. 
Phonolite, 258. 

“Phosphate,” 153, 28. 

Phosphates, 28, 153. 

Phosphorescence, 115, 151, 208, 212 
Phosphorite, rock, 153, 28. 

Physical properties of minerals, 6 
Picrolite, 242. 

Pisolitic formation, 92, 131, 182. 
Pisolite, 92. 

Pitchblende, 206. 


Pitchstone, 258. 

Plagioclase, 222-224, 52, 75. 
Albite, 223. 

Andesine, 222. 

Anorthite, 223. 

Bytownite, 222. 

Labradorite, 223, 224. 
Oligoclase, 221, 222. 

“Plaster of Paris,” 154. 
“Plaster-stone,” 154. 

Platinum, 193, 194, 118, 179. 
Play of colors, 116, 117, 240. 
Pocket magnifier, 9. 

Polaidty, 121. 

Polarization of light. 111. 
Polyadelphite, 228. 

Polybasite, 196, 197, 138. 
Porphyritic rock, 258. 

Porphyry, 258, 269. 

“Portland stone,” 93. 

Potash fertilizer, 194. 

Potassium feldspar, 220. 
Potassium Minerals, 194, 195. 
.\lunite, 195. 

Carnallite, 195. 

Leucite, 225. 

Sylvite, 195. 

Pranks of crystals, 59-67. 
Precious — ■ 
garnet, 227. 
opal, 240, 241, 117. 
serpentine, 242. 
stones, 33, 4. 
topaz, 132. 

Prehnite, 251, 252. 

Premier diamond mine, 156. 160. 
Prices of minerals, 18. 

Prismatic cleavage, 80. 

colors, 110. 

Prisms, 46, 47, 49. 

Prochlorite, 232, 63. 
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Program for club, 13. 

Protons, 21, 22, 118. 

Proustite, 197, 139, 171. 
Pseudomorphs, 97, 98, 239. 
Psilomelane, 189. 

Pumice, 258. 

Pyramids, 46, 50. 

Pyrargyrite, 197, 138. 

Pyrite, 177, 178, 42, 44, 60, 66, 98, 115, 
139, 175, 179, 182, 201. 
limonite pseudomorphs after, 98. 
Pyrites, arsenical, 138. 

“cockscomb,” 179. 
copper, 169. 
iron, 178. 
magnetic, 179. 


Quartz, 233-239, 27, 31, 39, 55, 61, 68- 
70, 72, 79, 94, 95, 102, 103, 107, 
108, 115, 123, 124, 133, 206, 209, 
219, 255, 256, 260, 264. 

Quartz, Varieties of: 

fa) Crystalline Varieties; 
Amethyst, 234. 

Aventurine quartz, 236. 
Citrine, 234. 

Ferruginous quartz. 235. 
Milky quartz, 234. 

Rock crystal, 233. 

Rose quartz, 234. 

Sagenitic quartz, 235. 
Rutilated quartz, 235, 202. 
Tourmalinated quartz, 235. 
Smoky quartz, 234. 

(b) Massive Varieties: 

Agate, 237. 

Bloodstone (Heliotrope), 238. 
Carnelian, 236. 

Chalcedony. 236. 

Chert, 238. 


Radiated structure, 86. 87. 88. 
Radium, 21, 206. 


Pyrites, arsenical — cont’d. 

“spear,” 179. 
white iron, 178. 

Pyritohedron, 44, 45. 

Pyrolusite, 189. 

Pyromorphite, 66. 

Pyrope, 227, 226 
Pyrophyllite, 136. 

Pyroxene, 217, 218, 50, 80, 187, 256, 
257. 

Augite, 218, 217. 

Diopside, 217, 218. 
Pyroxene-Amphibole Group, 213-219. 
Pyroxenite, 257, 264. 

Pyrrhotite, 179, 118, 175, 193, 201. 

Q 

Massive Varieties — cont'd. 
Chrysoprase, 237. 

Flint, 238. 

Hornstone, 238. 

Jasper, 239. 

Moss agate, 237. 

Onyx, 238. 

Sard, 236. 

Sardonyx, 238. 

(c) Fragmental Varieties; 

Quartz-breccia, 239. 
Quartz-conglomerate, 239. 
Quartzite, 239. 

Quartz sand, 239. 

Sandstone, 239. 

(d) Pseudomorphous quartz, 2:19. 

Petrified wood. 239. 
Quartz-breccia, 239. 

-conglomerate, 239, 262. 

-diortite, 256. 

Quartzite, 239, 264, 263. 

Quicksilver — see Mercury. 191. 


Rainbow, 102, 104, 115. 
Rays of light, 102-112. 



INDEX 


321 


Ray? of light — tont'd. 

invisible. 113-115. 

Realgar, 138, 197. 

Red ocher, 180. 

oxide of zinc, ill). 

Refraction double. 109. 110. 111. 
index of 110. 201. i 13. 
of light. 109-112. 

Re'inou? luster. 108. 

Re.sm.^. fos.sil. 163, 108. 
Reticulated grouping. 71. 
Rhoiiochrosite, 190. 

Rhodonite. 190, 191. 52 
Rhoinboheilral cleavage. 78, 79. 

crystal'. 54-56. 
Rhombohedrons. 54-56. 

Rhombs, 49. 50. 78. 

Rhyolite, 258. 

Ribbon .la.'per, 239. 

Ring? of electron? 21-25. 

Rock ciyst.tl, 233. 

Rock-forming mineral?, 213-252. 


Rock gypsum. 154. 

■ Rock salt." 198. 

Rocks. 255-265. 

I Igneou? Rocks. 255-259. 

11 .Sediiuentaiy Rock-. 259-262. 

Ill Metamoiphic Rock?. 262-265. 
"Rock- and Mmtial?" magazine. 13. 
240. 

Rock sections 111. 

Ro'coehte 208. 

Ro.?e ciuartz, 234. 

Ro-ette?. 72. 

RosoKte. 226. 

Rouge. 180. 

Riihelhre. 244. 

Ruby. 131. 33. 104. 240 
"Ruby copper," 171. 

"Ruby silver, daik." 197. 

"Ruby silver, likdir." 197. 

Ruby -pinel, 135. 

Rutilated r|unrtz 202. 235 

Rutile. 202. 48. 59, 72. 1 12. 203. 235. 


s 

■•iagenitic quartz. 235. 

Salt domes. 198. 

•Salt. rock. 198. 

table. 4. 39. 

"Saltpeter, Chile." 199. 

•■?and paper, 34. 

.•?and <iuarrz. 239. 

Sands. 3. 12. 235. 239. 259. 260. 

.Sand-tone. 239. 260. 261. 263. 

Sandy marl. 261. 

.''anidme. '321. 

Sapphire. 131. 132. 33. 104. 112. 

stai. 112, 132. 

Sard. 236. 

onyx. 238. 

Sassohre. 144. 

Satin -par. 154. 

Satiny luster, 108. 

Scalenohedioiis. 55, 56. 

Scale of Haidnes? 31, 15. 

Scheelite. 205. 206. 204. 


.Schiller. 116, 182, 224. 

■Schist 263 

■Sclii-tose stiuctuie, 264, 

■Scolec iie, 248. 249, 59. 

.ScKiith Meaning of a, 30-34. 

Secrihry 36. 

.Sedimcnrary Rocks, 259, 260. 

■Selenite. 154. 37, 51. 64. 68, 80. 
.Semi-metaLs. 137. 

?Ieini-opal, 241. 

.Semi-rr.insiucenr miner. d-. 103. 

.S( naimonnte, 138 

Seriionrine. 242, 108. 167. 18/, 228 

265. 

Chiysonle i"A-be-rn'"). 242. 
.Serpentine and Talc Gmuii 241-243. 
Seipennn. maihle 242. 

prei lOH? 242. 

.Shale. 260. 263. 

Shell mail. 261. 

Shine — see luster 107, 108. 
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Siderite, 183, 208. 

Silica, 27, 233-241. 

Silicates, 27, 28. 

Siliceous sinter, 241. 

Silicified wood, 99, 101, 239. 

Silky luster, 108. 

Sillimanite, 134. 

Silt, 260. 

Silver, 195-198, 71, 107, 116, 171, 17 
185. 

“Silver glance,” 196. 

Silver Minerals, 196-198. 

Argentite, 196. 

Cerargyrite, 197. 

Embolite, 197. 
lodyrite, 197. 

Polybasite, 196, 197. 

Proustite, 197. 

Pyrargyrite, 197. 

Stephanite, 197. 

Silver ores, 196. 

Slate, 265, 263. 

Smaltite, 168, 193. 

Smithsonite, 209. 

Smoky quartz, 234, 256. 

“Smoky topaz,” 234. 

Snow, 176, 66, 57. 

Soapstone, 243, 3, 264. 

Societies, Mineralogical, 13. 
Sodalite, 224, 225. 199. 

Soda niter, 199. 

Sodium and chlorine, union of, 24. 2 
Sodium feldspar, 220, 

Sodium Minerals, 198, 199, 

Cryolite, 198, 199. 

Halite, 198. 

Mirabilite, 199. 

Other sodium minerals. 199. 
Solids, 20. 

“South African Jade,” 226, 
“Spanish topaz,” 234. 

“Spathic iron,” 183. 

Specific gravity. 123-125. 

.'Spectrum, 114. 

Specular iron, 179, 180. 

Sperrylite, 194. 


Spessartite, 228, 226 

Sphalerite, 208, 209, 62, 108, 115, 201. 

cleavage of, 77. 

Sphenoid, 48. 

Spherosiderite, 183. 

Spinel, 135, 33, 73. 

“Spinel twin,” 73, 182. 

Spodumene, 186. 

Spool case, 11. 

Stalactites, 96, 97, 149, 261. 
Stalagmites, 96, 97, 149, 261. 
Stannite, 202. 

“Starlite,” 213. 

Star sapphire, 112, 132. 

Staurolite, 243, 50, 72, 73. 

Steatite, 243, 264. 

Stephanite, 197, 138. 

Stibnite, 137, 138, 39, 50, 59, 62, 87. 
Stilbite, 247, 246. 

Storing specimens, 10, 11. 

Streak, 106, 107. 

plate, 17. 

Stream-tin, 201. 

Stretched-out crystals, 59, 60. 
Striations, 66, 67, 76„ 223. 
Strontianite, 199. 

Strontium Minerals, 199. 

Celestite, 199. 

Strontianite, 199. 

Structure and Form, 83-101. 17, 76 
of atoms, 21, 118. 
of crystals, 40, 83. 
of minerals, 83-87. 

Study of minerals, 3-5. 
Sub-conchoidal fracture, 81. 
Sulphates, 28. 

Sulphides, 25, 26. 

Sulphur, 200, 201, 26, 50. 

Sunstone, 117, 116, 224. 

Superficial colors, 104. 105. 

Syenite, 256. 

Nephelite, 256. 

Sylvanite, 175. 

Sylvite, 195, 194. 

Symbols of elements, 22. 
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Table salt, formation of, 25. 

Talc, 242, 243, 85, 187, 264. 
Talc-schist, 264, 243, 263. 

Tarnish, 116. 

Tenacity, 35-38, 16. 

Tennessee “marble,” 266. 

Tetragonal crystals, 46-48, 76. 
Tetrahedrite, 171, 138, 198. 
Tetrahedrons, 171. 

Thenardite, 199. 

Thomsonite, 249. 

Tiifany diamond, 159. 

“Tiger-eye,” 108, 116. 

Tiles, flooring, 106. 

Tin, 201. 

Tin Minerals, 201, 202. 

Cassiterite, 201, 202. 

Stannite, 202. 

Tin, stream, 201. 

wood, 201. 

Tincalconite, 146. 

Titaniferous magnetite, 203. 

Titanite, 204, 52. 

Titanium Minerals, 202-204. 

Brookite, 204. 

Ilmenite (Menaccanite), 203. 
Octahedrite, 204. 

Rutile, 202, 203. 

Titaniferous magnetite, 203. 
Titanite, 204. 

Topaz, 132, 133, 33, 39, 50, 80, 206, 
256. 

Precious, 132. 

“Topaz” of jewelers, 234. 

“Topaz,” false, 234. 
smoky, 234. 

Spanish, 234. 


Topazolite, 228. 

Tough minerals, 38. 

Tourmalinated quartz, 235, 244. 
Tourmaline, 244, 245, 56, 59, 66, 67. 
80, 104, 105, 112, 144, 237, 231, 
235, 256. 

elements in, 244. 
“Tourmaline-granite,” 244. 

Trachyte, 258. 

Translucent minerals, 103. 
Transparency, 102, 103, 108. 

Trap, 258. 

Trapezohedron, 44. 

Travertine, 149, 261. 

Trays, pasteboard, 10. 

“Tree-agates,” 237, 100. 

Tree-like grouping, 70, 71. 

Tremolite, 215, 216. 
Triboluminescence, 208. 

Triclinic crystals, 52, 58. 

Trona, 199. 

Troostite, 211. 

Tuff, 263. 

Tungsten Minerals. 204-206. 
Ferberite, 205. 

Huebnerite, 205. 

Scheelite, 205, 206. 

Wolframite, 205. 

Tungsten wire, 162. 

Turquois, 136. 

Twinning plane, 73. 

striations, 223, 74. 

Twins, 73, 74. 

Twisted cryst.nls, 62, 63. 

Tyndall, Professor, 83. 


u 


Uintahite, 166. 

Ulexite, 145. 

Ultra-violet rays, 113-115. 
Unakite, 219. 


Uneven fracture, 82. 
“Uralian emerald.” 228. 
Uraninite, 206. 

Uranium, 206, 123. 
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Uranium Minerals. 206. 

Uranium Mineial.' — cant’d. 

Camotite. 206. 

Uranophane. 206. 

Gummite, 206. 

Uranophane, 206. 

Pitchblende. 206. 

Uses for minerals. 4. 

Uramnite. 206. 

Uvarovite. 228, 167. 


V 

Valentimte. 138. 

Winadium Minera Is — can t'd. 

Vanadates. 28. 

Vanadmite, 207. 

Vanadmite. 207, 66. 

Verd-antique. 242. 

Vanadium Minerals. 207. 

Victoiia diamond. 159. 

Descloizite, 207. 

Vitreous lustei. 108. 

Patronite, 207. 

Volcanic gla.ss. 257-259. 

Roscoelite. 207. 

rocks, 257-259. 


w 

Water. 175, 176, 102. 

Weights, relative. 123-125. 

crystallizing. 83. 84. 

"Welcome" gold nugget, 17i 

formation of. 26. 

Werneiite. 199. 

m calcite. 64. 

"White lead ore." 185. 

"Water stone." 95. 

Willemite, 211, 212. 

Waxy luster. 108. 

Witherite, 141. 

Weak mineral.'. 38. 

Wolframite. 205. 204. 

Wealth, nunerals one uf greatest 'ource.' \\ oo<i-opal. 241. 

of. 4. 

-tin. 201 ' 

Wearheiing of niinei.d- 32. 133. 1 

174 Working pollertion, 15. 

259, 

Wulfenite. 192, 39, 18. 66. 

of roi'k' 259. 

Wurrzilite. 165. 36. 


X 

X-raV' 4H 76 



Y 

Veilow oehei 182. 



Z 

Zcuhre-. 246- 249. 91. 199. 

Zim Mineial cant'a 

iiunei.i!' ,i"oii,,!ed witli 249-252. 

U'llleiuiti .211 212 

Zinc hlendf. 208. 

Zincuf, 212. 

Zincite, 212. 

Ziicn 212, 213. 47 108. 

Zinc Mineial' 208-212. 

"Ziicon favu'." 212 

C.ilamin.- 209, 210. 

Ziiconium Mineral- 212. 

Franklmite 210.211. 

Baddelevite 212. 

.■'mith'OniTe 209. 

Ziicon 212. 

'•oicdcn't-. 208. 209. 
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